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ABSTRACT
S tu d ie s  w ere co n d u c ted  to  d e te rm in e  th e  e f f e c t  o f  s e le c t e d  h o r­
mones on th e  a u to x id a t io n  o f  l i n o l e i c  a c id  in  th e  p re se n c e  and a b sen ce  
o f  a s c o rb ic  a c id  jyi v i t r o .  Oxygen consum ption  and a s c o rb ic  a c id  w ere 
a l s o  d e te rm in e d  in  th e  p re se n c e  o f  i n s u l i n  and e s tr o g e n ic  s u b s ta n c e  
f o r  f u r t h e r  in fo r m a t io n .
The horm ones t e s t e d  w ere com m ercial p r e p a r a t io n s  o f  th e  fo llo w in g  
i n s u l i n ,  c o r t i c o t r o p i n  (ACTH), c o r t i s o n e ,  p ro g e s te ro n e  and e s t r o g e n ic  
su b s ta n c e  ( e q u i l i n  and e q u i l e n i n ) ,
A u to x id a tio n  o f  l i n o l e i c  a c id  wag d e te rm in e d  by m easurem ent o f  
th e  p e ro x id e  v a lu e  u s in g  th e  f e r r o th io c y a n a te  c l o r i m e t r i c  m ethod .
Four d i f f e r e n t  t r e a tm e n ts  w ere used  w ith  r e a c t a n t s  in  p h o sp h a te  b u f f e r  
a s  f o l lo w s :
1 . L in o le ic  a c id  a lo n e
2 . L in o le ic  a c id  and  hormone
3 . l i n o l e i c  a c id  and a s c o rb ic  a c id
A, l i n o l e i c  a c i d ,  a s c o r t i c  a c id  and horm one.
M easurem ents o f  p e ro x id e  fo rm a tio n  w ere d e te rm in e d  on two m i l l i l i t e r  
a l i q u o t s  a t  z e r o ,  two and f o u r  h o u rs  r e s p e c t iv e ly  w h ile  sam ples w ere 
shaken a t  37 -  1° C in  th e  p re se n c e  o f  a i r .  The oxygen consum ption  o f  
l i n o l e i c  a c id  w ith  added in s u l i n  and e s t r o g e n ic  su b s ' ance  in  th e  
p re se n c e  and ab sen ce  o f  a s c o rb ic  a c id  was d e te rm in e d  by th e  u se  o f  th e  
W arburg a p p a ra tu s  a t  one h a l f  hou r i n t e r v a l s  o v e r  th e  f o u r  h o u r in c u b a ­
t i o n  p e r io d  a t  37 1 1° C. A sco rb ic  a c id  m easurem ents w ere d e te rm in e d  
on two m i l l i l i t e r  a l i q u o t s  c o n ta in in g  a s c o rb ic  a c id  and l i n o l e i c  a c id  
i n  th e  p re se n c e  and ab sen ce  o f  i n s u l i n  and e s t r o g e n ic  su b s ta n c e  a t  th e  
s t a r t  and and o f  th e  f o u r  h o u r in c u b a t io n  p e r io d  by th e  in d o p h e n o l-
x y le n e  e x t r a c t i o n  m ethod . The r e s u l t s  w ere a n a ly s e d  f o r  s t a t i s t i c a l  
s ig n i f i c a n c e  and p re s e n te d  g r a p h ic a l ly  and i n  t a b u l a r  fo rm .
I t  was d e te rm in e d  t h a t  l i n o l e i c  a c id  in c u b a te d  in  p h o sp h a te  
b u f f e r  a t  37 it 1° C in  th e  p re se n c e  o f  a s c o rb ic  a c id  w ith  i n s u l i n ,  
c o r t i s o n e ,  ACTH, p ro g e s te ro n e  and e s t r o g e n ic  su b s ta n c e  in c r e a s e d  s ig n i ­
f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  a s  m easured  by in c r e a s e d  
h y d ro p e ro x id e  fo rm a tio n  a t  two and fo u r  h o u rs .
However, l i n o l e i c  a c id  in c u b a te d  in  p h o sp h a te  b u f f e r  a t  37 1 1° d 
i n  th e  ab sen ce  o f  a s c o rb ic  a c id  w ith  c o r t i s o n e  and e s t r o g e n ic  su b s ta n c e  
d e c re a se d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c i d ,  w h ile  i n s u l i n  
p ro g e s te ro n e  and ACTH in c re a s e d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  
l i n o l e i c  a c id  a s  m easured  by h y d ro p e ro x id e  fo rm a tio n  a t  two and f o u r  
hours*
I t  was d e te rm in e d  t h a t  in  th e  p re se n c e  o f  i n s u l i n  and e s t r o g e n ic  
su b s ta n c e  th e  oxygen consum ption  was h ig h e r  th a n  i n  th e  ab sen c e  o f  th e s e  
horm ones, r e g a r d l e s s  o f  th e  p re se n c e  o r  ab sen ce  o f  a s c o rb ic  a c i d ,  o v e r  
th e  f o u r  h o u r in c u b a t io n  p e r io d .
I t  was d e te rm in e d  t h a t  t h e r e  was a d r a s t i c  r e d u c t io n  i n  th e  con ­
c e n t r a t i o n  o f  a s c o rb ic  a c id  a t  th e  end o f  f o u r  h o u rs  o f  in c u b a t io n  when 
a s c o rb ic  a c id  was in c u b a te d  in  th e  p re se n c e  o r  ab sen ce  o f  i n s u l i n  and 
e s t r o g e n ic  s u b s ta n c e  w ith  l i n o l e i c  a c id .
The r e s u l t s  s u g g e s te d  t h a t  th e  horm ones t e s t e d  can  e x e r t  a  d i r e c t  
e f f e c t  upon th e  a u to x id a t io n  o f  l i n o l e i c  a c id ,  an e s s e n t i a l  f a t t y  a c id .  
The p o s s ib le  c o r r e l a t i o n s  o f  th e s e  f in d in g s  w ith  ifc  v iv o  m echanism s 
w ere d i s c u s s e d .
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INTRODUCTION
The r o l e  o f  horm ones in  f a t t y  a c id  m e ta b o lism  h a s  been s tu d ie d  
m a in ly  by i j j  v iv o  te c h n iq u e s  w ith  d i a b e t i c  a n im a ls .  In  th e s e  e x p e r i ­
m en ts w ith  i n s u l i n ,  Marks and Young (1 9 3 9 ), F e l l e r  s i .  a ^ .  (1951)*
C hem ak £ t  fil*  (1 9 5 0 ), Brady and G u rin  (1 9 5 0 a ), n o te d  t h a t  th e r e  
o c c u r re d  an  im pairm en t i n  th e  m e ta b o lic  u t i l i s a t i o n  o f  g lu c o se  w hich  
was accom panied  by a  d e c re a s e d  n e t  s y n th e s i s  o f  f a t t y  a c id s  and an 
in c r e a s e d  p ro d u c tio n  o f  k e to n e s ,  th u s  o x id a t io n  p ro ceed ed  a t  an  a c c e l ­
e r a t e d  r a t e .  A lthough i t  was n o t known w h e th e r  i n s u l i n  i n t e r r e n e d  
d i r e c f t ly  a t  some s ta g e  o f  f a t t y  a c id  s y n th e s i s  from  C2 u n i t s ,  Brady 
and  G u rin  (1950a) b e l ie v e d  t h a t  th e  e f f e c t  o f  t h e  hormone a id e d  in  
t h i s  p r o c e s s .  In  o o n t r a s t ,  i n  v i t r o  e x p e r im e n ts  w ith  l i v e r  s l i c e s  
fro m  d i a b e t i c  a n im a ls ,  B alm ain and F o l le y  (1951) found  t h a t  c h o l e s t e r o l  
s y n th e s i s  from  a c e t a t e  w as n o t  im p a ire d  a p p r e c ia b ly ,  and s u g g e s te d  t h a t  
th e  e n e r g e t i c  re q u ire m e n ts  f o r  s t e r o l  s y n th e s i s  m igh t be met by th e  
o x id a t io n  o f  f a t t y  a c i d s ,  w h ile  t h e  r a t e  o f  fo rm a tio n  o f  t r i g l y c e r i d e s  
m ig h t be in f lu e n c e d  by th e  r a t e  o f  fo rm a tio n  o f  g ly c e r o l  from  g lu c o s e .
In  i n t a c t  d i a b e t i c  a n im a ls ,  Chornak e t  a l .  ( 1950 ) r e p o r te d  t h a t  
th e  f a t  c o n te n t  o f  th e  l i v e r  was in c r e a s e d ,  p resum ably  by t r a n s p o r t  
fro m  e x t  rap h e  p a t i  c t i s s u e s .  Ssego and W hite (1949) r e p o r te d  t h a t  a p ­
p a r e n t ly  t h i s  in c r e a s e d  m o b i l i s a t io n  o f  f a t  i n  th e  t i s s u e s  was s t im u la te d  
by  p i t u i t a r y  horm ones, p o s s ib ly  so rn a to tro p h ic  (g ro w th ) hormone o r  
a d r e n o c o r t ic o r t r o p h in  (ACTH), o r  b o th .  B rad y , L ukins and G u rin  (1 9 5 1 ), 
E n g e l and S c o t t  (1951)* B alm ain  e t  aj^ (1952) p re s e n te d  f u r t h e r  e v id e n c e
w hich i n d i c a t e d  t h a t  STH and ACTH ( v ia  th e  a d r e n a l  s t e r o i d s )  a c t  a n ta ­
g o n i s t i c a l l y  t o  i n s u l i n .
1
2T h u s , i n  i n t a c t  w hole a n im a ls  and i n  i i l  v iv o  e x p e rim en t 3 w ith  
a n im a l t i s s u e  s l i c e s  and hom ogenates, th e r e  e x i s t e d  a  com plex o f  
i n t e r r e l a t i o n s h i p s  w i th in  th e  system  w hich  made i t  v e ry  d i f f i c u l t  t o  
e x p la in  t h e  e f f e c t  o f  a  s in g le  honaone i n  f a t t y  a c id  m e ta b o l ia a .  Such 
an  i n v e s t i g a t i o n ,  t h e r e f o r e ,  r e q u i r e s  a  n a t u r a l l y  o c c u r r in g  phenomenon 
i n  w hich  f a t t y  a c id  and hormone can  e x i s t  a s  com ponents i n  l i q u i d  a t  
body te m p e ra tu re  r e s u l t i n g  i n  th e  p ro d u c tio n  o f  a  p ro d u c t m e a to ra b le  
U I  £&£&.*
Such a  n a t u r a l l y  o c c u r r in g  phenomenon was th e  a u to x id a t io n  o f  
f a t t y  a c id s  in  th e  p re se n c e  o f  m o le c u la r  oxygen . The a u to x id a t io n  o f  
f a t t y  a c id s  was known to  in v o lv e  th e  fo rm a tio n  o f  o rg a n ic  p e ro x id e s  
and k e to n e s  (Holman, Lundberg and M alkin  (1954)* O rg an ic  p e ro x id e s  
can  be q u a n t i t a t i v e l y  d e te c te d  by a  v a r i e t y  o f  m ethods ( B a l l s  g t  a l . 
(1 9 4 3 ) j  P o o l and P r a te r  (1 9 4 5 J# Lea (1 9 3 l)»  ^ h e e le r  (1 9 3 2 ), Chapman 
and M eFarlane (1 9 4 3 ), Hartman and G lav in d  (1 9 4 9 ), and B arn ard  and  
H argrove (1 9 5 1 ).
W ith in  th e  l a s t  t e n  y e a r s ,  th e  r o le  o f  a s c o rb ic  a c id  i n  m etabo­
l i s m  h a s  assum ed new im p o rta n c e , ^ i l b u r ,  B em heim  and S h ap iro  (1949) 
d e m o n s tra te d  t h a t  o x id a t io n  o f  p u re  m e th y l l i n o l e n a t e  d u r in g  in c u b a t io n  
i n  p h o sp h a te  b u f f e r  a t  pH 6 r e s u l t e d  i n  p e ro x id e  fo rm a tio n  w hid i was 
m e a su ra b le  by th e  T h io b a r b a tu r ic  A cid T e s t  and t h a t  t h e  r a t e  o f  p ro d u c­
t i o n  o f  p e ro x id e  was g r e a t l y  in c r e a s e d  i n  th e  p re se n c e  o f  a s c o r b ic  a c i d .
T h e re f o re ,  i t  was d e c id e d  t o  s tu d y  th e  e f f e c t s  o f  s e le c t e d  
horm ones on th e  a u to x id a t io n  o f  l i n o l e i c  a c id  i n  th e  p re se n c e  and 
a b sen ce  o f  a s c o rb ic  a c id  i n  v i t r o .
SURVEY OF LITERATURE
A u to x id a t io n .
A tm ospheric  oxygen i s  p ro b a b ly  t h e  m ost u n i v e r s a l l y  im p o r ta n t  
o x id iz in g  a g e n t f o r  f a t s  and f a t t y  a c id s .  S in c e  th e  r e a c t io n  b e tw een  
a tm o sp h e r ic  oxygen and u n s a tu r a te d  f a t s  and  f a t t y  a c id s  w as by n a tu r e  
sp o n ta n e o u s , t h e  p ro c e s s  h a s  been  r e f e r r e d  to  a s  a u to x id a t io n .  how ever, 
such  f a c t o r s  a s  l i g h t ,  h e a t ,  c o n c e n t r a t io n  o f  O2 ,  m o is tu r e ,  and  th e  
p re se n c e  o f  c a t a l y s t s  o r  i n h i b i t o r s  can  a f f e c t  th e  r e a c t io n  betw een  
oxygen and u n s a tu r a te d  f a t t y  a c id s ,  seem in g ly  w ith  v e ry  d i f f e r e n t  r e ­
s u l t s *
P e rh ap s  some o f  th e  e a r l i e s t  n o ta t io n s  c o n c e rn in g  a u to x id a t io n  
w ere made i n  1827 when B e r z e l iu s  (1827) i n  h i s  o b s e rv a t io n s  on  a  l a y e r  
o f  w a ln u t o i l  l e f t  o v e r  m ercu ry  u n d e r o x y gen , d e s c r ib e d  th e  in d u c t io n  
p e r io d ,  oxygen u p ta k e ,  CO2 fo rm a tio n  and p o ly m e r iz a tio n  w hich o c c u r r e d .
The f i r s t  o b s e r v a t io n  o f  a u to x id a t io n  o f  a  c a rb o n - to -c a rb o n  d o u b le  
bond h a s  been  a t t r i b u t e d  to  S ch o en b e in  (1 8 5 8 a , 1858b) who in v e s t i g a t e d  
th e  e f f e c t s  o f  o x id iz in g  a g e n ts  on  such  u n s a tu r a te d  s u b s ta n c e s  a s  
alm ond o i l  and tu r p e n t in e *
Up t o  a b o u t 1900 , i t  was b e l ie v e d  t h a t  m o le c u la r  oxygen was b ro k en  
down t o  a  sm a ll  e x te n t  i n t o  a to m ic  oxygen , an d  t h a t  t h i s  " a c t iv e  oxygen" 
was r e s p o n s ib le  f o r  t h e  slow  o x id a t io n  o b se rv e d  i n  many u n s a tu r a te d  
o rg a n ic  com pounds.
The m odem  t h e o r i e s  o f  a u to x id a t io n  a p p a r e n t ly  began  a ro u n d  1900  
w i th  t h e  work o f  Bach ( I 8 9 7 ) and Ekigler e t  f t l .  (1 8 9 8 a , 1898b, 1 9 00a , 
1900b , 1900c)* They b e l ie v e d  t h a t  a u to x id a t io n  by a tm o sp h e r ic  oxygen
3
4was m o le c u la r  n o t a to m ic , i . e .  a  m o lecu le  o f  oxygen added t o  a  d o u b le  
bond to  form  a  p e ro x id iz e d  compound a s  R-O-O-R. T h is  compound, th e n  
c o u ld  o x id iz e  o th e r  o x id iz a b le  s u b s ta n c e s .  Thus th e  " a c t iv a te d  oxygen" 
was n o t  c o n s id e re d  a  f r e e  oxygen atom , b u t c h e m ic a lly  bound, a l th o u g h  
r e a d i l y  l i b e r a t e d  to  e n t e r  in to  a u to x id a t iv e  r e a c t i o n s .
F a h r io n  (1904 , 1909) a tte m p te d  t o  e x p la in  th e  a c t io n  o f  d r i e r s  
on l in s e e d  o i l  f i lm s  by  th e  a ssu m p tio n  t h a t  a u to x id a t io n  o c c u r re d  i n  
th e  f a t t y  a c id  to  fo rm  a c y c l i c  p e ro x id e  (m o lo x id e) w hich underw en t 
re a rra n g e m e n t to  a  d ih y d ro x y e th y le n ic  o r  a  h y d ro x y k eto  c o n f ig u r a t io n  
a s  f o l lo w s :
R^-CH
I Rt -C H -0 Rt -C—OH
1 2 +  J  -  I
K2“ CH R2-CH-O R2-C-OH
E l l I s  (1 9 2 5 a , 1925b, 1926 , 1932) b a se d  h i s  su b se q u e n t th e o ry  o f  
ta u to m e r ic  k e to h y d ro x y d ih y d ro x y  re a rra n g e m e n t f o r  d ry in g  o f  l in s e e d  o i l  
f i lm s  on F a h r io n * s  th e o r y  th u s  g iv in g  r i s e  t o  th e  c y c l i c  o r  inoloxLde 
h y p o th e s is  o f  a u to x id a t io n .  The m a jo r i ty  o f  i n v e s t i g a t o r s  i n  t h i s  
f i e l d  have u n t i l  r e c e n t l y  a c c e p te d  th e  th e o r y  o f  th e  fo rm a tio n  o f  a  
k e t e r o c y c l i c  p e ro x id e  o r  m o lox ide  a s  th e  p r im a ry  s te p  i n  t h e  a u to x i ­
d a t io n  p r o c e s s .  However, . - p ro d u c t c o n ta in in g  t h i s  c o n f ig u r a t io n  h as  
b een  i s o l a t e d  and i d e n t i f i e d  from  u n s a tu r a te d  f a t t y  a c i d s .  N e v e r th e le s s ,  
t h i s  m echanism  i s  d e s c r ib e d  a s  th e  p rim a ry  m echanism  o f  a u to x id a t io n  i n  
many modern t e x t s  and r e f e r e n c e s .
F ok in  (1 9 0 9 a , 1909b) p ro p o sed  a  th e o ry  i n  w hich th e  f i r s t  s te p  
i n  th e  a u to x id a t io n  o f  an  e th y le n ic  bond was th o u g h t to  o c c u r  th ro u g h
R-j -CH-OH
I
R2-C0 S0
t h e  fo rm a tio n  o f  an  e th y le n e  o x id e  r in g i
-  CH -  CH -  + 1 /2  0 2 -  CH -  CH -
x  /  o
Compounds c o n ta in in g  t h i s  e th y le n e  o x id e  r in g  have been r e f e r r e d  to  a s  
m on o x id es, o x id o  compounds o r  e p o x id e s ,  w ith  t h e  L a t t e r  g e n e r a l ly  p r e ­
f e r r e d .  A lthough  t h i s  e th y le n e  o x id e  h y p o th e s is  h a s  some e x p e r im e n ta l  
s u p p o r t ,  i t  h a s  n o t  b een  w id e ly  a c c e p te d .  E v id en ce  a g a in s t  t h i s  
h y p o th e s is  i s  b a se d  upon th e  d a ta  t h a t  a  number o f  o x id o  a c id s  o f  many 
u n sa tu r& te d  a c id s  a r e  w e l l  known c r y s t a l l i n e  p ro d u c ts ,  and have n e v e r  
been  i s o l a t e d  from  th e  p ro d u c ts  a p p e a r in g  i n  th e  e a r l y  s ta g e s  o f  a u to x i ­
d a t i o n .  T h is  i s  q u i t e  s tro n g  e v id e n c e  a g a in s t  t h e i r  fo rm a tio n  a t  t h i s  
s ta g e  o f  th e  o x id a t io n .
Commencing i n  th e  l a t e  1 9 3 0 's  new l i n e s  o f  e v id e n c e  had s t r o n g ly  
s u g g e s te d  th e  e x i s te n c e  o f  a n o th e r  ty p e  o f  p e ro x id e ,  a  h y d ro p e ro x id e , 
i n  w hich th e  d o u b le  bonds rem a in  i n t a c t .
R iech e  ( 1936 ) a s  a  r e s u l t  o f  h i s  work on such  u n s a tu r a te d  com­
pounds a s  t e t r a l i n e  and cyclohex& ne, s u g g e s te d  t h a t  a u to x id a t io n  o f  
mono- o r  p o ly -  u n s a tu r a te d  s u b s ta n c e s  may o c c u r  th ro u g h  th e  fo rm a tio n  
o f  o x y g e n -a c t iv a te d  m eth y len e  g ro u p s  a s  fo llo w s*
00H
-  CH -  CH -  CH2 -  CH -  CH -  -  CH -  CH -  CH -  CH -  CH -
o r
+ Op
OH 2  00H OH
-  CH -  CH -  CH2 -  CH -  -  CH -  CH -  CH -  CH
The h y d ro p e ro x id ic  n a tu r e  o f  a u to x id a t io n  h a s  been  s u b s t a n t i a t e d  
by  t h e  e x p e r im e n ts  o f  C rie g e e  (1936) and S tep h e n s  (1928) w ith  c y c lo -  
hex&ne and C rie g e e  (1939) and Hock and S u s n lh l  (1933) w i th  t e t r a l i n .
6compounds w hich  can  be c o n s id e re d  a n a lo g o u s  to  u n s a tu r a te d  f a t t y  a c i d s .
To Farm er and  h i s  c o -w o rk e rs  (1942 , 1942a ,  1942b, 1943* 1943*, 
1943b) and B o lla n d  and Koch (1945) was due th e  c r e d i t  f o r  t h e  d e v e lo p ­
ment o f  th e  h y d ro p e ro x id e  h y p o th e s is  o f  a u to x id a t io n ,  e s p e c i a l l y  i n  
r e f e r e n c e  to  u n s& tu ra te d  f a t t y  a c i d s .
F en n er e t  a l .  (1942 , 1942a, 1942b, 1943 , 1943*, 1943b) a l s o  
s t a t e d  t h a t  a u to x id a t io n  o f  a l l  u n s a tu r a te d  s u b s ta n c e s  p ro c e e d s  by f r e e  
r a d i c a l  m echanism  i n  w hich th e  p rim ary  p o in t  o f  a t t a c k  i s  th e  a lp h a -  
m et h y len e  g ro u p . The o x id a t io n  p ro c e e d s  by a  c h a in  r e a c t io n  i n i t i a t e d  
by  rem oval o f  a  hydrogen  atom  from  an a lp h a -m e th y le n e  g ro u p  a s  fo l lo w s :
H H H  H H H  H H H  H H H
1 1 1  I t I ° 2  I I I  I I I
- c - c - c -  — - c - c - c  -  — - c -  c -  c -  - * - - c - c « c -
I I I
H *  0 -0 *  O-OH
Where th e  a s t e r i s k  i n d i c a t e s  t h e  f r e e  r a d i c a l  c e n t e r .
Farm er e t  a l .  (1942 , 1942a, 1942b, 1943 , 1943* , 1943b) a l s o  i n ­
d ic a t e d  t h a t  in  th e  c a s e  o f  u n c o n ju g a te d  u n s a tu r a t i o n  o f  th e  m e th y le n e -  
i n t e r r u p t e d  t y p e ,  a s  i n  l i n o l e i c  a d d ,  th e  f i r s t  s te p  o f  p e r o x id a t io n  
w as assum ed to  be t h e  lo : s ,  p resu m ab ly  w ith  th e  a id  o f  m o le c u la r  o x y gen , 
o f  a  th e r m a lly  o r  pho to  c h e m ic a lly  a c t i v a t e d  a lp h a -m e th y le n e  c a rb o n  to
hydrogen  bond , p ro d u c in g  an  o l e f i n i c  f r e e  r a d i c a l .  S in c e  re so n a n c e  co u ld
•a 2 1 1 2  1b e  e x p e c te d  betw een  th e s e  fo rm s ,* -  CH -  CH -  CH -  o r  CH -  CH -  CH - ,
*  *
t h e  a d d i t i o n  o f  a  m o lecu le  o f  oxygen w ould p ro b a b ly  r e s u l t  i n  e q u a l  p ro ­
d u c t io n  o f  p e ro x id o  g ro u p s  (-OQH) a t  p o s i t i o n s  1 and  3 ,  th e r e b y  m ain­
t a i n i n g  t h e  d o u b le  bond a t  i t s  o r i g i n a l  p o s i t i o n  o r  to  a p p e a r  a t  th e  
a d ja c e n t  C-C b o n d . I n  t h e  c a s e  o f  th e  m e th y l - in te r r u p te d  u n s a tu r a t i o n ,
7th e  m ost r e a c t i v e  m e th y l g ro u p s  a r e  th o s e  f la n k e d  o n  e i t h e r  a id e  by 
a  d o u b le  bond*
The m echanism  o f  th e  r e a c t io n  o r i g i n a l l y  p ro p o sed  by Bo H a n d  and 
Koch (1945) f o r  l i n o l e i c  a c id  was a s  fo llo w s !
1 ) -  CH “  CH — CH2 -  CH ■ CH -  a b s t r a c t i o n  o f  a  hydrogen  atom
H*
2) -  CH -  CH -  CH -  CH -  CH -
3 )  -  CH -  CH -  CH -  CH ■ CH -  re so n a n c e  h y b r id  f r e e  r a d i c a l
4 ) - C H - C H - C H - C H - C H -  
++ °2
5 ) - C H - C H - C H - C H - C H -  
I
0 0 * th r e e  p o s s ib le  p e ro x y  r a d i c a l s
6 ) -  CH -  CH -  CH -  CH -  CH
1
00*
7 ) -  CH -  CH -  CH -  CH -  CH -
1
00*
6 ) -  CH -  CH -  CH -  CH -  CH -  
1
OOH
a d d i t io n  o f  hydrogen atom  a b ­
s t r a c t e d  fro m  a n o th e r  l i n o l e a t e  
m o lecu le
9 ) -  CH -  CH -  CH -  CH -  CH -  th r e e  p o s s ib le  h y d ro p e ro x id e
1 p r o d u c ts ,  two o f  w hich a r e
OOH c o n ju g a te d
1 0 ) -  CH -  CH -  CH -  CH « CH -
I
OOH
Bo H a n d  and Koch (1945) w ork ing  w ith  l i n o  l e  a t e  h y d ro p e ro x id e  fo u n d  a  
m o la r  e x t i n c t i o n  c o e f f i c i e n t  o f  ab o u t 70  p e r  c e n t  o f  th e  m o la r  e x t i n c t i o n  
c o e f f i c i e n t  o f  c o n ju g a te d  l i n o l e i c  a c i d ,  and  t h e r e f o r e  gave e v id e n c e  f o r  
t h e  th e o r y  o f  th e  random a t t a c k  o f  oxygen on th e  f r e e  r a d i c a l  form ed
8f r o *  l i n o l e i c  a c id  w hich  gave r i s e  to  c e r t a i n  p r o d u c ts ,  two t h i r d s  o f  
w hich  w ere c o n ju g a te d  a ie n e  h y d ro p e ro x id e s .  B erg stro m  (1945) chrom ato­
g rap h ed  th e  h y d ro g e n a ted  p ro d u c ts  o f  l i n o l e i c  a c id  and i s o l a t e d  and 
i d e n t i f i e d  9 and  13 h y d r o x y - s t e a r a te s .  He was n o t a b le  to  d e c t e c t  th e  
U - is o m e r  w hich w ould have been  p ro d u ced  i f  oxygen had a t t a c k e d  th e  
re so n a n c e  h y b r id  ran d o m ly . However, t h i s  c o u ld  be a c c o u n te d  f o r  by  a  
p o s s ib le  re a rra n g e m e n t o f  th e n o n -c o n ju g a te d  iso m e r to  c o n ju g a te d  iso m e re s  
due to  th e  h y d ro g e n a tio n . F u r th e r  e v id e n c e  f o r  th e  fo rm a tio n  o f  con­
ju g a te d  h y d ro p e ro x id e  i n  more th a n  random am ounts h a s  been  p ro v id e d  by 
Khan, Lundberg an d  Holman (1954) who o x id is e d  m e th y l l i n o l e a t e  by  
a u to x id a t io n ,  v i s i b l e  o r  u l t r a  v i o l e t  l i g h t  o r  i n  p re se n c e  o f  c o p p e r  
c a t a l y s t s .  A f te r  s e g re g a t io n  o f  th e  p e ro x id e s  by c o u n te r c u r r e n t  ex­
t r a c t i o n  and r e d u c t io n  by s ta n n o u s  c h lo r id e  and s e p a r a t io n  by d i s p l a c e ­
ment ch ro m ato g rap h y , i t  was found  t h a t  th e  p ro d u c ts  c o n s is te d  a lm o s t 
e n t i r e l y  o f  c o n ju g a te d  com pounds. T hese o b s e r v a t io n s  I n d ic a te d  s tr o n g ly  
t h a t  th e  c o n ju g a t io n  was n o t  in d u ced  by t h e  r e d u c t io n  and th a t  a u to x id a ­
t i o n  r e s u l t e d  m o s tly  i n  c o n ju g a te d  p r o d u c ts .
M eyer (1935) p h o to c h e m ic a lly  o x id i s e d  o l e i c  a c id  i n  th e  p re se n c e  
o f  c h lo r o p h y l l  i n  th e  W arburg a p p a r a tu s  and found  0 .5  m o les o f  O2 ab ­
s o rb e d , b u t  w ith  p r a c t i c a l l y  no in c r e a s e  i n  io d in e  v a lu e .  The c o n c lu ­
s io n  draw n was t h a t  o x id a t io n  o c c u r re d  w ith  th e  fo rm a tio n  o f  h y d ro x y - 
o l e i c  s o l d .  D ecano ic  i-nd u n d e c a n o ic  a c i d s ,  i n  w hich  th e  d o u b le  bond 
i s  a t t a c h e d  t o  th e  t e r m in a l  ca rb o n  a tom , were fo u n d  to  b e  e n t i r e l y  r e ­
s i s t a n t  t o  a u to x id a t io n  u n d e r  th e  same c o n d i t io n s .
Thus th e  h y d ro p e ro x id e  th e o r y  h a s  e v o lv ed  a s  t h e  modern c o n c e p t
o f  a u to x id a t io n  w ith  th e  f i r s t  s te p  th e  a d d i t io n  o f  oxygen to  an  e t h y l -
e n lc  bond o f  an  u n s a tu r a te d  f a t t y  a c id  w ith  th e  fo rm a tio n  o f  th e  p rim ary  
r e a c t io n  p ro d u c t ,  a  h y d ro p e ro x id e .
9A g £ £ £ b i£ _ & & .
In  v iv o  m echanism s co n ce rn ed  w ith  a s c o r b ic  a c id  -  f a t t y  a c id  
f a t t y  a c id  m e tab o lism  a r e  n o t w e l l  d e f in e d ;  how ever, t h e r e  have b een  
e v id e n c e s  o f  s p e c i f i c  r e l a t i o n s h i p s .
A sco rb ic  a c id  i s  p r e s e n t  i n  a l l  t i s s u e s  o f  h ig h e r  a n im a ls ,  a t  
l e a s t  d u r in g  th e  d e v e lo p m e n ta l s t a g e s .  B essey  and  King (1933) in v e s ­
t i g a t e d  th e  d i s t r i b u t i o n  o f  v i ta m in  C i n  p la n t  and a n im a l t i s s u e s .  They 
fo u n d  t h a t  i n  no rm al n u t r i t i o n ,  th e  t i s s u e s  o f  young , r a p id ly  grow ing 
a n im a ls  te n d  t o  have a  h ig h e r  c o n te n t  th a n  th o s e  o f  o ld e r  a n im a ls  on  th e  
same d i e t .  3 a lh a n ic k ,  Zarrow  and Zarrow  (1949) c l a s s i f i e d  th e  hypophy­
s i s  and young thym us a lo n g  v d th  th e  a d r e n a ls  a s  h a v in g  a  h ig h  c o n te n t  
o f  v i ta m in  C. B essey  and K ing (1 9 3 3 ) found  somewhat lo w e r c o n c e n t r a t io n s  
i n  th e  s p le e n ,  p a n c re a s ,  l i v e r ,  t e s t e s ,  o v a r i e s ,  b r a i n ,  t h y r o id  and  su b -  
n a x i l l a r i e s .  la v o ra k y ,  Almanden, and King (1934) l i s t e d  th e  t i s s u e s  i n  
o r d e r  o f  v i ta m in  C o o n te n t  a s  fo llo w s :  a d r e n a ls  > b r a in  > p a n c re a s  >
l i v e r  > s p le e n  > k id n e y  > lu n g  > h e a r t  > m u sc le .
In  t h e  n e rv o u s  sy s tem , b o th  th e  t i s s u e s  and  t h e i r  b a th in g  f l u i d s  
c o n ta in  a p p r e c ia b le  am ounts o f  a s c o r b ic  a c id .  M elka (1936) r e p o r te d  
t h a t  t h e  a s c o r b ic  a c id  c o n te n t  i n  t h e  human b r a in  v a r i e d  from  13 t o  26 
m gas. p e r  c e n t  and  i n  th e  p e r ip h e r a l  n e rv e s  a p p ro x im a te ly  25 p e r  c e n t 
a s  m uch. W este rg aa rd  (1943) found  t h a t  th e  c o n te n t  i n  th e  s p in a l  f l u i d  
v a r i e d  w ith  t h a t  o f  t h e  p lasm a an d  v a s  a b o u t f o u r  t im e s  a s  h ig h .
V a r ia t io n s  i n  th e  c o n te n t  o f  v i ta m in  C w i th in  th e  t i s s u e s  o f
c e r t a i n  g la n d u la r  o rg a n s  have been  n o te d .  The in te r m e d ia te  lo b e  and
a n t e r i o r  lo b e s  o f  th e  h y p o p h y s is , th e  a d r e n a l  c o r t e x ,  c o rp u s  lu teu m
and  i n t e r s t i t i a l  t i s s u e  o f  th e  t e s t e s  s u rp a s s  a l l  o th e r  body t i s s u e s
i n  t h e i r  c o n te n t  o f  v i ta m in  C. T hese a p p e a re d  t o  be  r e l a t i v e l y  im p o r ta n t 
r e l a t i o n s h i p s  be tw een  v i ta m in  C, f a t t y  a c id s  and s t e r i l i t y .
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I t  can b e  n o te d  t h a t  t h e r e  a p p e a re d  t o  b e  a  r e l a t i o n s h i p  b e tw een
th e  v i ta m in  C c o n te n t  and  th e  s t a t e  o f  a c t i v i t y  o f  t h e  o r g a n .  G iroud  
e t  a l . (1936 ) r e p o r te d  17 m gos. p e r  c e n t  i n  cow o v a r i e s  w ith o u t c o rp o ra  
l u t e a ,  a  maxi gum o f  103 mgms. p e r  c e n t  i n  th e  f u l l y  d e v e lo p ed  p e r io d ic  
00 rp u s  lu teu m  an d  162  mgms. p e r  c e n t  i n  th e  c o rp u s  lu teu m  o f  p re g n a n c y . 
D uring  r e g r e s s io n  o f  th e  c o rp u s  lu te u m , th e  v ita m in  C c o n te n t  was 
found  to  d e c r e a s e .  The r e s u l t s  o f  P o l lc a r d  and F e rra n d  (1936) con­
f irm e d  th e s e  r e s u l t s .  T o n u t t i  (1939) s im i l a r l y  fo u n d  a  h ig h  c o n te n t  
o f  v i ta m in  C i n  th e  i n t e r s t i t i a l  t i s s u e  o f  t h e  t e s t e s  w ith  h i s t o -  
c h e m ic a l m e th o d s . G lic k  and B ia k in d  (1936) fo u n d  21 t o  30 mgms. p e r  
c e n t  i n  th e  e n t i r e  t e s t e s  w h ile  t h e  v i ta m in  C c o n te n t  i n  th e  i n t e r ­
s t i t i a l  t i s s u e  w as f o u r  to  tw e lv e  t im e s  a s  g re a t*  In  b o th  th e  o v a ry  
and t e s t e s  t h e r e  seemed to  be a  c o r r e l a t i o n  betw een  th e  h ig h  c o n te n t  
o f  v i ta m in  C and th e  s t a t e  o f  a c t i v i t y  o f  t h e  t i s s u e  and  p e rh a p s  t h i s  
c o u ld  be a s s o c ia te d  w ith  t h e i r  horm onal fu n c tio n *
B u rr and  B u rr  (1930) d e m o n s tra te d  t h a t  m ale r a t s  on  a  f a t  f r e e  
d i e t  d id  n o t m ate r e a d i l y  and th o s e  t h a t  d i d ,  c o u ld  n o t s i r e  l i t t e r s *  
Harman (1 9 5 0 ), w ork ing  w ith  v i ta m in  C d e f i c i e n t  m ale r a t s ,  d e m o n s tra te d  
h i s t o l o g i c a l l y  t h a t  th e  lumen o f  th e  t e s t e s  was l a r g e ,  a  few sperm 
t a i l s  w ere  p r e s e n t ,  tu b u le  e p i th e l iu m  d e g e n e ra t io n  was e v id e n t ,  and 
th e r e  was no e v id e n c e  o f  s p e rm a tid  fo rm a tio n .  A p p a re n tly  a  d i e t a r y  
d e f ic ie n c y  o f  v i ta m in  C i n h i b i t e d  t h e  m ale germ c e l l  p r o l i f e r a t i o n *  
N ic o la s  (1950) showed t h a t  v i ta m in  C in te rv e n e d  i n  th e  s y n th e s i s  o f  
s t e r i o d  s e x  horm ones.
T here  a r e  e v id e n c e s  t h a t  v i ta m in  C i s  i n t im a te ly  in v o lv e d  i n  f a t t y  
a c id  o x id a t io n s .  Q u a s te l  and  W heatley  ( 1 9 3 0  i n v e s t i g a t e d  th e  e f f e c t  o f
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v ita ra ln  C on  f a t t y  a c id  o x id a t io n s  i n  th e  l i v e r  and  co n c lu d e d  t h a t
v i ta m in  C was im p o rta n t i n  m a in ta in in g  th e  m e tab o lism  o f  f a t t y  a c id s  
a t  a  norm al l e v e l .  Husch and K lin e  (1941) and D eutch  £ 4  a l .  (1941) 
r e p o r te d  t h a t  a s c o rb ic  a c id  c a ta ly z e d  th e  o x id a t io n  o f  p h o s p h o lip id s  
i n  th e  l i v e r .  E l l i o t  and l e b e t  (1944) found  t h a t  oxygen u p ta k e  o f  
phospho11p id e 0 o f  b r a in  su sp e n s io n s  w as in c r e a s e d  by a s c o r b ic  a c i d .  
B em heim , W ilbur and F i t z g e r a ld  (1947) r e p o r te d  t h a t  b r a in  p r o t e in ,  
a l s o  t h a t  o f  s e v e r a l  o t h e r  o rg a n s ,  was com bined w ith  a  compound w hich 
p ro b a b ly  c o n ta in e d  h y d ro x y l g ro u p s  a t t a c h e d  to  a  benzene r i n g .  A sc o rb ic  
a c id  a c te d  ae  c a t a l y s t  i n  t h e  o x id a t io n  o f  th e  compound and i n  th e  r e ­
a c t io n  th e  p r o te in  g roup  was s p l i t  o f f  and a ld eh y d e  g ro u p s  became ex­
p o sed .
A branson (1949) m easured  th»  o x iu a t io n  o f  u n s a tu r a te d  f a t t y  a c id s  
i n  norm al and a s c o r b u t ic  g u in e a  p i g s .  He n o te d  th a t, i n  s c u rv y , th e  
o x id a t io n  w as d e c re a s e d  i n  b r a i n ,  t e s t e s ,  m e d u lla  o b lo n g a ta ,  a d r e n a l s ,  
and k id n e y s ,  b u t i n  s p le e n  and h e a r t  t h e r e  was l i t t l e  d i f f e r e n c e  from  
th e  n o rm a l. B em heim , B ernheim  and W ilb u r (1943) found  t h a t  th e  c o lo r  
o b ta in e d  upon a d d i t io n  o f  t h i o b a r b i t u r i c  a c id  t o  l e c i t h i n s  o r  compounds 
c o n ta in in g  them  a re  due to  a p ro d u c t o f  th e  x o id a t io n  o f  u n s a tu r a te d  
f a t t y  a c id s  such  a s  l i n o l a n i c .  A sco rb ic  a c id  a p p e a re d  t o  c a t a l y z e  th e  
o x id a t io n  o f  l e c i t h i n  e i t h e r  i n  f r e e  fo rm  o r  when com bined w ith  t i s s u e  
p r o t e in .  W ilb u r, B em heim  and  S h a p iro  (1949) r e p o r te d  t h a t  in c u b a t io n  
o f  puss m e th y l l i n o l e n a t e  w ith  and w ith o u t a s c o rb ic  a c id  showed t h a t  th e  
r a t e  o f  p ro d u c tio n  o f  a  compound p resu m ab ly  a  p e ro x id e ,  w hich gave a  
p o s i t i v e  t e s t  w ith  TBA r e a g e n t ,  was g r e a t l y  in c r e a s e d  by  th e  p re s e n c e  o f  
a s c o r b ic  a c i d .  B em heim , W ilbu r and K en asto n  (1952) from  v i t r o  s tu d ie s
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shoved  t h a t  th e  a d d i t io n  o f  o x id iz e d  m e th y l l i n o l e n a t e  I n h ib i t e d  o x id a ­
t i v e  enzyme a c t i v i t y  to  a  g r e a t e r  e x te n t  th a n  u n o x id iz e d  l i n o l e n a t e .
They su g g e s te d  t h a t  th e  o x id a t iv e  p ro d u c ts  m igh t a c t  a s  norm al r e g u la ­
t o r s  o f  some a s p e c t s  o f  m e ta b o lism . A sco rb ic  a c id  and p o s s ib ly  s u lp h y d r i l  
compounds co u ld  be  r e s p o n s ib le  f o r  th e  p ro d u c tio n  o f  th e s e  o x id a t iv e  
p ro d u c ts .  C ole (1951) d e m o n s tra te d  v i t r o  t h a t  peak c a t a l y t i c  a c t i v i t y  
o f  a s c o r b ic  a c id  a s  m easured  by TBA v a lu e s  a p p e a r s  a t  an  a s c o rb ic  a c id  
c o n c e n t r a t io n  o f  0 .1  mgm/ml. i n  b r a i n ,  l i v e r  and t e s t e s ,  b e in g  m ost 
p ronounced  i n  th e  t i s s u e  c o n ta in in g  maximum am ounts o f  l i n o l e n i c  a c id ,  
th e  b r a i n .
Xto fonE?/y,»..Aa flnft/qftty AsM MetateMy*
Ipaul^n and XJLpogene s i s .
D rury  (1910) s u g g e s te d  t h a t  i n s u l i n  m igh t p a r t i c i p a t e  i n  f a t t y  
a c id  s y n th e s i s ,  and S t e t t e n  and B oxer (1919) m easured  th e  u p ta k e  o f  
d e u te r iu m  i n  t h e  f a t t y  a c id s  o f  r a t s  and found  a  d e p r e s s io n  o f  l ip o g e n e -  
s i s  i n  d i a b e t i c  r a t s  o f  ab o u t 5 p e r  c e n t  o f  t h e  no rm al r a t e .  S t e t t e n  
and  K le in  (1916) found  t h a t  th e  i n j e c t i o n  o f  i n s u l i n  i n to  no rm al r a b b i t s  
r e s u l t e d  i n  a f o u r f o ld  in c r e a s e  o f  h e p a t ic  l ip o g e n e s i s .  B rady and 
G u rin  (1950b) and C h em ick  e t  a l .  (1950) s tu d ie d  th e  s y n th e s i s  o f  f a t t y  
a c id s  from  a c e t a t e  w ith  l i v e r  s l i c e s  from  d i a b e t i c  a n im a ls ,  w h ile  B loch  
and Kramer (1918) and Brady and G u rin  (1950a) s tu d ie d  th e  s y n th e s i s  o f  
f a t t y  a c id s  from  a c e t a t e  w ith  norm al l i v e r  s l i c e s  to  w hich  i n s u l i n  was 
a d d ed . The r e s u l t s  o f  th e s e  e x p e r im e n ts  i n d ic a te d  t h a t  th e  a b sen ce  o f  
i n s u l i n  i n h i b i t e d  th e  fo rm a tio n  o f  lo n g  c h a in  f a t t y  a c id s  from  a c e t a t e .  
Shaw and G u rin  (1953) found  t h i s  d e f e c t  was a l s o  p r e s e n t  i n  a  w a te r  
s o lu a b le  enzyme system  from  ly s e d  m ito c h o n d r ia .  I f  th e  system  w as d e r iv e d
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from  a  d i a b e t i c  a n im a l, t h e  e x t r a c t  was d e p re s s e d  i n  i t s  c a p a c i ty  t o  
s y n th e s iz e  f a t t y  a c i d s ,  b u t norm al a c t i v i t y  was l a r g e l y  r e s to r e d  by 
th e  a d d i t io n  o f  g ly c o g e n , t ih a ik o f f  (1 9 5 2 ) ,  Masoro e t  a l .  ( 1950 )* and 
C h a ik o ff  ( 1952 ) found  s t r i k i n g  s i m i l a r i t i e s  i n  th e  m e ta b o lic  d e f e c t s  
i n  l i v e r s  o f  f a s t e d  and d i a b e t i c  a n im a ls , how ever a lth o u g h  f r u c to s e  
u t i l i z a t i o n  by l i v e r  s l i c e s  from  e i t h e r  ty p e  o f  an im al was n o rm a l, 
g lu c o se  u t i l i z a t i o n  and f a t t y  a c id  s y n th e s is  w ere d e f e c t iv e *
C o r t i s o n e .
In  man, A ld e rb e rg  e£  a l . (1 9 5 0 a , 1950b, 1950c, 1951) r e p o r te d  th e  
ch an g es  p ro d u ced  by c o r t i s o n e  i n  b lo o d  l i p i d s  o f  p a t i e n t s  w ith  v a r io u s  
d i s e a s e s .  The t o t a l  c h o l e s t e r o l  o f  serum  in c r e a s e d  19 t o  23 p e r  c e n t ,  
w h ile  p h o s p h o lip id  in c r e a s e d  24 p e r  c e n t ,  and serum  n e u t r a l  f a t  f e l l  43 
p e r  c e n t .  B e n n e tt  e t  £ l .  (1948) r e p o r te d  t h a t  f a s t i n g  b lo o d  k e to n e  
b o d ie s  ro s e  s i g n i f i c a n t l y  i n  p a t i e n t s  w ith  A d d is o n 's  d is e a s e  a f t e r  c o r t i ­
sone th e r a p y .  K in s e l l  e t  a l .  ( 1951 ) found  t h a t  c o r t i s o n e  s u p p re s se d  com­
p l e t e l y  o r  p a r t i a l l y  th e  f a s t i n g  h y p erk e to n em ia  and  k e to n u r ia  i n  no rm al 
s u b je c t s .
In  r a b b i t s ,  R ich  a ^ .  (1951) d e m o n s tra te d  t h a t  a f t e r  t r e a tm e n t  
w i th  c o r t i s o n e ,  a  g r o s s ly  t u r b i d  o r  m ilk y  s e r a  c o n ta in in g  s ta in a b le  f a t  
d r o p le t s  r e s u l t e d .  A lso th e  serum t o t a l  f a t t y  a c id s  and c h o le s t e r o l  
w ere i n c r e a s e d .  D ic z fa lu e y  and Westman (1 9 5 0 ), K o b em ick  and More (1 9 5 0 ), 
Oppenheim and B ru g er (1 9 5 2 ), and R ich  e t  a l .  (1951) have shewn t h a t  serum  
c h o l e s t e r o l  may be l i t t l e  a f f e c t e d ,  b u t  t h a t  serum  p h o s p h o lip id s  a r e  
d e f i n i t e l y  d e c re a s e d  i n  no rm al r a b b i t s ,  K o b em ick  and More (1950) fo u n d  
t h a t  c o r t i s o n e  and  s t r e s s  cau sed  an  in c r e a s e  i n  serum  l i p i d s  and a ls o
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s w e ll in g  and  ch an g es  i n  th e  p a n c r e a t i c  i s l e t s ,  w i th  th e  p ro d u c tio n  o f  
a  d i a b e t i c  c o n d i t io n  i n  r a b b i t s *
L evin  and F a rb e r  (1950) have shown t h a t  norm al m ice t r e a t e d  w ith  
c o r t i s o n e  showed o n ly  a  v e ry  a l i g h t  in c r e a s e  in  l i v e r  f a t .  A lso DCA- 
a a in t a in e d  a d re n a le c to m is e d  m ice l o s t  26 p e r  c e n t  o f  t h e i r  l i v e r  f a t ,  
b u t  th e  l o s s  co u ld  be p re v e n te d  by c o r t i s o n e  t r e a tm e n t .  W elt and W ilhelm ! 
( 1950 ) have p r e s e n te d  e v id e n c e  t h a t  th e  r a t e  o f  f a t t y  a e id  s y n th e s i s  was 
in c r e a s e d  by  a d re n a le c to m y . B alm ain e £  aj^. (1952) have fo u n d  t h a t  c o r t i ­
sone p r e - t r e a tm e n t  d im in ish e d  th e  in c o r p o r a t io n  o f  C l4 in to  f a t t y  a c id s  
o f  th e  mammary g la n d s  o f  l a c t a t i n g  r a t s .
L ip s e t t  and  M oon (1951* 1952) found  t h a t  l i v e r  s l i c e s  o f  a d re n a -  
la c to m ise d  m ice showed a  slow ed  r a t e  o f  k e to n e  body p ro d u c t io n  from  
o c ta n o ic  a c i d ,  b u t  t h i s  was r e s t o r e d  to  n o n s a l  by c o r t i s o n e  tre a tm e n t*
In  f a s t i n g ,  p h l o r i z i n i s e d  r a t s ,  S e g a lo f f  and Many (1951) found  t h a t  
a d re n a le c to m y  c o m p le te ly  su p p re s se d  k e to n e  p ro d u c t io n ,  b u t o o u ld  be r e ­
s to r e d  and r a i s e d  above norm al by c o r t i s o n e .  In g le  e t  a l . (1 9 5 1 a , 1951b) 
found  t h a t  t r e a tm e n t  w ith  c o r t i s o n e  o f  r a t s  f o r c e  fe d  a  h ig h  f a t  d i e t  
p ro d u ced  a  t r a n s i e n t  k e t o a i s .  S c o t t  and E n g e l (1953) found  t h a t  o o r t i s o n e  
o r  h y d ro c o r t is o n e  i n h i b i t e d  k e t o s i s ,  w h ile  in c r e a s in g  b lo o d  s u g a r  i n  th e  
r a t  d u r in g  a  f i v e  day f a s t ,  and  a l s o  such t r e a tm e n t  d e p re s s e d  k e t o s i s  
fo u n d  a f t e r  ex p o su re  o f  th e  r a t s  t o  s t r e s s  by co ld *  They co n c lu d ed  t h a t  
th e  e f f e c t  o f  o i l  s t e r o i d s  was to  i n h i b i t  k e to s is *
A d ra n o c o r tic o tro p in ; ACTH.
R ie d e l  e t  a l*  (1 9 5 4 ) have shown t h a t  th e  c o n c e n t r a t io n  o f  l i p i d  
p h o sp h o ru s  and in c o r p o r a t io n  o f  p3 2 i n to  a d r e n a l  g la n d s  was d e c re a se d  by 
hypophyaectom y and r e s to r e d  to  a p p ro x im a te ly  no rm al by a  s in g le  do se  o f  
ATCH.
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B e n n e tt  e£  a l .  (1 9 4 8 a) have shown t h a t  b o th  p u r i f i e d  g row th  
hormone and ACTH enhan ced  k e to n e m ia .
B e n n e tt et^ a l .  (1948b) d e m o n s tra te d  in c r e a s e d  b lo o d  k e to n e s  a f t e r  
ACTH t r e a tm e n t  i n  a d re n a le c to m iz e d  d o g s . B e n n e tt  e t. a l .  (1 948a) be­
l i e v e d  t h a t  t h e  k e t o s i s  in d u c e d  by c ru d e  p i t u i t a r y  e x t r a c t s  and  c o r t i c o ­
t r o p i n  c o n c e n t r a te s  was due to  an  in c r e a s e d  r a t e  o f  k e to n e  body p ro d u c tio n  
by th e  l i v e r .  Cam pbell and D av idson  (1951) rem oved l i v e r  s l i c e s  from  r a t s  
24 h o u rs  a f t e r  i n j e c t i o n  o f  p i t u i t a r y  e x t r a c t  and found  in c r e a s e d  r a t e s  
o f  (>£ consum ption  and a c e to a c e t a t e  p ro d u c t io n ,  s u g g e s t in g  t h a t  t h e  e x ­
t r a c t  prom oted  an in c r e a s e d  r a t e  o f  o x id a t io n  o f  f a t t y  a c i s .
W elt and W ilhe lm i (1950) found  t h a t  b o th  grow th  hormone and ACTH 
d e p re s s e d  ija v iv o  in c o r p o r a t io n  o f  d e u te r iu m  in to  f a t t y  a c i d s .
E s tro g e n ic  S u b stan ce  and  P ro g e s te r o n e .
i n  r e c e n t  y e a r s ,  e v id e n c e  has  i n d ic a te d  t h a t  t h e r e  w as a  d i f f e r n e c e  
be tw een  th e  s e x s s  n o t  o n ly  i n  th e  d i s t r i b u t i o n  o f  l i p i d s  an d  g ly c o g en  in  
a n im a l t i s s u e s ,  b u t a l s o  i n t k e  m e tab o lism  o f  f a t s  and e s s e n t i a l  f a t t y  
a l c d  r e q u ire m e n ts ,  w hich  may be r e l a t e d  to  se x  horm one.
B u t ts  and D euel (1933) d e m o n s tra te d  t h a t  k e to n u r ia  was p roduced  
more r a p id ly  and  o c c u r re d  to  a  g r e a t e r  d e g re e  o f  i n t e n s i t y  i n  t h e  fem ale  
r a t  and g u in e a  p ig  th a n  i n  th e  m a le . D euel and G u lick  (1932) r e p o r te d  
t h a t  th e  k e to n e  body o u tp u t  p e r  day a v e ra g e d  f i v e  t im e s  a s  much i n  women 
d u r in g  f a s t i n g  a s  i n  men. Beach e t  a l .  (1951) d e m o n s tra te d  a  s im i l a r  sex  
d i f f e r e n c e  i n  th e  k e to n u r ia  o f  a l lo x a n  d i a b e t i c  r a t s .  D euel (1937)
r e p o r te d  t h a t  when r a t s  w ith  f a t t y  l i v e r s  a re  s u b je c te d  to  f a s t i n g ,  th e  
l e v e l  o f  k e to n e  b o d ie s  e x c r e te d  i s  c o n s id e ra b ly  h ig h e r  i n  fem ale  r a t s  
th a n  i n  m a le s .  G runew ald e t  a l .  (1934) found  t h a t  t h e  v a r i a t i o n  i n
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k e to n u r ia  was su g g e s te d  by th e  f a c t  t h a t  th e  h ig h  k e to n u r ia  n o ted  in  
th e  norm al fem ale  r a t  was red u ced  to  l e s s  th a n  th e  v a lu e  f o r  m ales  
fo llo w in g  o v a r ie c to m y .
D euel et, a l .  (1934* 1 9 3 7 ), G re ish e im er (1 9 3 1 ), P o n sfo re  e t  a l . 
(1 9 3 2 ), Okey e t  (1 9 3 4 ), B arnes e t  a l .  (1 9 4 1 ), and B est e t  a ^ . (1951) 
have re c o rd e d  h ig h e r  l i v e r  f a t  l e v e l s  in  fe m a le s  th a n  m ales u n d er a  
v a r i e t y  o f  c o n d i t io n s .
A s d e ll  (1950) r e p o r te d  t h a t  t e s t o s t e r o n e  and p ro g e s te ro n e  w ere  
v e ry  m ild  grow th s t im u la to r s .  E s tro g e n s  were u s u a l ly  grow th  i n h i b i t o r s  
and t h e i r  a d v e rse  a c t io n  on grow th was checked  by p r o g e s te ro n e .
B ird  (1950) r e p o r te d  t h a t  f a t  d e p o s i t io n  was in v e r s e ly  c o r r e l a t e d  
w ith  m e ta b o lic  r a t e  and was n o t a  f u n c t io n  o f  e s t r o g e n  a c t i v i t y  e x c e p t 
i n d i r e c t l y  i n  c a s e s  w here e s tr o g e n s  succeeded  in  d e p re s s in g  th e  r a t e  o f  
m e tab o lism .
Lorenz (1950) s t a t e d  t h a t  b i r d s  re sp o n d ed  t o  a d e q u a te  e s tro g e n  
dosage w ith  r a p id  developm ent o f  a  l ip e m ia  t h a t  d is a p p e a re d  q u ic k ly  a f t e r  
th e  w ith d ra w l o f  th e  e s t r o g e n .  L i t t l e  i s  know o f  th e  m echanism  i n ­
v o lv e d , how ever L orenz (1950) b e l ie v e d  i t  was d i r e c t  e f f e c t  o f  e s t r o g e n ,  
in d e p e n d e n t o f  o th e r  e n d o c rin e  and d i e t a r y  f a c t o r s .  E s tro g e n s  a ls o  
s t im u la te d  f a t  d e p o s i t io n  in  b i r d s ,  b u t Lorenz d id  no t see a r e l a t i  in sh ip  
to  th e  l ip e m ia  and p o s s ib ly  o n ly  a  c ru d e  r e l a t i o n s h i p  betw een  th e  d e g re e  
o f  l ip e m ia  and th e  r a t e  o f  f a t  d e p o s i t io n .
B io lo g ic a l  S ig n if ic a n c e  o f  O x id ized  F a t .
B u rr and B arnes (1 9 4 3 ), and Quackenbush (1945) rev iew ed  th e  e f f e c t  
o f  th e  in g e s t io n  o f  r a n c id  ( a u to x id iz e d ) f a t  and th e y  co n c lu d ed  t h a t  one 
o f  th e  m ain d e l e t e r i o u s  e f f e c t s  o f  d i e t a r y  r a n c id  f a t  was th e  d e s t r u c t io n
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o f  v i ta m in s  and  o t h e r  d i e t a r y  e s s e n t i a l s *  However, many symptoms can  
n o t  be e x p la in e d  i n  te rm s  o f  v i ta m in s ,  and  t h e r e f o r e  i t  was assum ed 
t h a t  r a n c id  f a t  a l s o  p o s se s se d  d i r e c t  to x i c  a c t io n *
B arnes a l .  (1946) found  t h a t  r a n c id  f a t  in  th e  d i e t  cau sed  
developm ent o f  a  b i o t i n  d e f ic ie n c y  due t o  th e  o x id a t io n  o f  b io t in *
T h is  was i n  ag reem en t w ith  t h e  work o f  Pavcek and S h u l l  (1942) who ob­
se rv e d  t h a t  b i o t i n  was i n a c t i v a t e d  by r a n c id  f a t s  v i t r o * Kuranerow 
e t  a l > ( 1946 ) found  t h a t  p y r id o x in s  and  p a n to th e n ic  a c id  r e l i e v e d  v a r io u s  
symptoms i n  r a t s  f e d  r a n c id  f a t*  Thus th e r e  maybe some r e l a t i o n s h i p  
betw een  th e  t o x i c i t y  o f  r a n c id  f a t s  and th e  above v ita m in s*
The f a t  s o lu b le  v i ta m in s  a r e  s u b je c te d  to  o x id a t io n  i n  r a n c id  
f a t s .  Holman (1949 , 1950) d e m o n s tra te d  t h a t  to c o p h e r o l ,  c a r o te n e ,  and 
v i ta m in  A w ere s u b je c te d  to  c o u p led  o x id a t io n  i n  o x id i s in g  f a t s  and w ere 
o x id is e d  e a r l y  in  th e  developm ent o f  r a n c id i ty *
I t  can  be assum ed t h a t  i f  r a n c i d i t y  was cau sed  by th e  o x id a t io n  
o f  p o ly - u n s a tu r a te d  f a t t y  a c i d s ,  th e s e  e s s e n t i a l  f a t t y  a c id s  w ere de­
s tro y e d  i n  th e  p ro cess*
Kumnerow (1946) s tu d ie d  th e  a b i l i t y  o f  r a n c id  f a t  and o x id is e d  
e s t e r s  to  r e l i e v e  th e  symptoms o f  a e ro d y n ia ,  a  d e f ic ie n c y  d i s e a s e  cau sed  
by th e  rem oval o f  p y r id o x in e  and e s s e n t i a l  f a t t y  a c id s  from  th e  d i e t ,  and 
fo u n d  t h a t  a l th o u g h  o x id is e d  m e th y l l i n o l e a t e  r e l i e v e d  th e  symptom s, i t  
w as n o t a s  e f f e c t i v e  a s  u n o x id is e d  e s te r *  They fo u n d  a ls o  t h a t  h ig h ly  
o x id is e d  p r e p a r a t io n s  w ere i n e f f e c t iv e *
Holman and G reenberg  (1954) a d m in is te r e d  to  f a t  d e f i c i e n t  r a t s  
th e  fo llo w in g  su p p le m e n ts : e th y l  l i n o l e a t e ,  p a r t i a l l y  o x id iz e d  e t h y l
l i n o l e a t e ,  e t h y l  l i n o l e a t e  w ith  d i e t a r y  b e n z o y l p e ro x id e ,  e t h y l  l i n o ­
l e a t e  h y d ro p e ro x id e , th e r m a l ly  decom posed e th y l  l i n o l e a t e  h y d ro p e ro x id e
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and c o n ju g a te d  e t h y l  l i n o l e a t e .  They found  t h a t  f r e s h  l i n o l e a t e ,  
o x id iz e d  l i n o l e a t e  and l i n o l e a t e  p lu s  b e n z o y l p e ro x id e  a l l  r e l i e v e d  
symptoms o f  f a t  d e f i c i e n c y ,  red u ced  w a te r  consum ption  o f  r a t s ,  and 
s t im u la te d  a ra c h io d o n a te  s y n th e s i s .  In  c o n t r a s t ,  l i n o l e a t e  p e ro x id e ,  
decom posed p e ro x id e  and c o n ju g a te d  l i n o l e a t e  w ere  n o t  e f f e c t i v e  and 
c o u ld  n o t  be u sed  a s  e s s e n t i a l  f a t t y  a c i d s ,  I’hey s u g g e s te d  a l s o  t h a t  
th e  f e e d in g  o f  l i n o l e a t e  p lu s  b en ao y l p e ro x id e , c a t a l y s t  f o r  a u to x id a t io n ,  
p ro d u ced  a  more o x L d is a b le  medium w hich was b e n e f i c i a l  t o  t h e  r a t .
I t  hus a p p e a red  t h a t  th e  p ro d u c ts  o f  f a t  o x id a t io n  w ere n o t w e l l  
t o l e r a t e d  by r a t s  a s  th e  o x id a t io n  p ro d u c ts  cau sed  i n t e n s i f i c a t i o n  o f  
th e  f a t  d e f ic ie n c y  symptoms and a p p e a re d  t o  be t o x i c .  T h is  t o x i c i t y  
c o u ld  be due to  an  e f f e c t  upon th e  I n t e s t i n a l  b a c t e r i a l  s y n th e s i s  o f  
v i ta m in s  o r  a  d i r e c t  t o x i c i t y  e f f e c t .
B ernheim  £JL. (1952) d e m o n s tra te d  an  i n h i b i t i o n  o f  enzyme a c t io n  
by f a t t y  a c id  o x id a t io n  p r o d u c ts .  They found t h a t  washed t i s s u e  su s­
p e n s io n  o f  m ito c h o n d r ia ,  when in c u b a te d  w ith  a s c o rb ic  a c id ,  l o s t  en zy m atic  
a c t i v i t y ,  and th e  d e c re a s e  i n  s u e c in -o x id a s e ,  cy tochrom e o x id a s e  and 
c h o l in e  o x id a s e  a c t i v i t y  p a r a l l e l e d  th e  amount o f  o x id is e d  u n s a tu r a te d  
f a t t y  a c id  m easured  by th e  TBA t e s t .  O x id ized  m eth y l l i n o l e n a t e  a l s o  
i n a c t i v a t e d  th e  enzym esj how ever, i n a c t i v a t i o n  c o u ld  be p re v e n te d  by 
q u e r c e t in ,  w hich i n h i b i t e d  o x id a t io n .  I t  was su g g e s te d  t h a t  th e  i n h i b i ­
t i o n  was due t o  th e  o x id a t iv e  d e s t r u c t io n  o f  e s s e n t i a l  f a t t y  a c id s ,  w hich 
w ere a  p a r t  o f  th e  a c t i v e  enzyme sy s te m . O x id a tiv e  p ro d u c ts  o f  h ig h ly  
u n s a tu r a te d  f a t t y  a c id  j j i  v iv o  may s e rv e  a s  m e ta b o lic  a n t i o x i d a n t s .
Cole (1956) d e m o n s tra te d  t h a t  f a t t y  a c id  p e ro x id e s  may be p r e s e n t  
n o rm a lly  i n  t h e  a n im a l body and K ib r ic k  (1959) co n firm ed  t h i s  f in d in g  i n  
b lo o d  and t i s s u e s  o f  man and r a t s .  They found  2 .5  u n c le s  o f  f a t t y  a c id
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perox±de/lO O  ml* o f  human b lo o d  and  f o r  f r e s h  r a t  l i v e r  t i s s u e ,  1 . 86-  
4*86 um oles o f  f a t t y  a c id  p e ro x id e /g ra m  o f  t i s s u e  w ith  th e  TBA t e s t  
v d th  FeCl3  3,1(1 2 . 6 8 -8  um oles o f  f a t t y  a c id  p e ro x id e /g ra m  o f  t i s s u e  w ith  
th e  TBA t e s t  w ith  im d o p h en o l. They s t a t e d  t h a t  ro u g h ly  th e  same p ro ­
p o r t io n  o f  p o ly e th n o id  f a t t y  a c id s  o f  b o th  t i s s u e  and b lo o d  e x i s t e d  a s  
f a t t y  a c id  p e ro x id e .  The a u th o r s  su g g e s te d  t h a t  i t  was n o t  u n l ik e ly  
t h a t  f a t t y  a c id  p e ro x id e s  may be form ed n o rm a lly  i n  em a il am ounts from  
u n s a tu r a te d  f a t t y  a c id s  i n  th e  a n im a l body and m igh t have a  r o le  i n  
m e ta b o lism .
K a u n its  e £  ^L . ( 1966 ) found  t h a t  th e r e  was in c r e a s in g  ev id en o e  t h a t  
th e  abnorm al n u t r i t i o n a l  p r o p e r t i e s  o f  h ig h ly  a u to x id iz e d  f a t s  w ere r e ­
l a t e d  t o  th e  p o ly m ers  w hich d ev e lo p ed  d u r in g  a u to x id a t io n ,  r a t h e r  th a n  
p e ro x id e s  o r  o x y g e n a te d  com pounds.
D ie ts  o o n ta in in g  20 p e r  c e n t  o f  a u to x id a t iv e ly  p roduced  p o ly ­
m e ric  r e s id u e ,  f e d  t o  no rm al a lb in o  r a t s ,  l e d  to  d ia r r h e a  and r a p id  d e a th ,  
b u t  when t h i s  r e s id u e  was re d u ced  to  10  p e r  c e n t ,  m ost o f  th e  a n im a ls  
w ere  g r a d u a l ly  a b le  to  t o l e r a t e  i t .  At t h e  4 p e r  c e n t  o r  7 p e r  c e n t  
l e v e l ,  i t  was w e ll  t o l e r a t e d ,  b u t  grow th was re d u c e d . There w ere no 
d i s t i n c t i v e  h i s t o l o g i c a l  l e s i o n s .
The p o ly m eric  r e s id u e  from  a u to x ld if te d  c o tto n s e e d  o i l  e x e r te d  a  
g r e a t e r  g row th  d e p re s s a n t  e f f e c t  th a n  t h a t  from  l a r d ,  and l a r d  more th a n  
t h a t  from  a h y d ro g e n a ted  v e g e ta b le  o i l .  A d d itio n  o f  f r e s h  f a t  t o  t h e  
p o ly m eric  r e s id u e s  d e c re a s e d  t h e i r  grow th  d e p re s s a n t  e f f e c t .
The p o ly m eric  y i e l d s  from  l a r d ,  c o t to n s e e d  o i l  an d h y d ro g en a ted  
v e g e ta b le  o i l s  o b ta in e d  f o r  th e  e x p e r im e n ts  w ere ro u g h ly  p r o p o r t io n a l  to  
th e c o n te n t  o f  p o ly -u n s a tu r a te d  a c id s  i n  each  o f  th e  f a t s .
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I t  w&s s u g g e s te d  t h a t  i t  m igh t be o f  g r e a t  b i o l o g i c a l  im p o rta n c e  
t h a t  some p ro d u c ts  o f  a u to x id a t io n ,  w h ich  i n  th e  p re se n c e  o f  an  ad e q u a te  
d i e t  p roduce s c a r c e ly  an y  a d v e rse  b i o l o g i c a l  e f f e c t s ,  can  damage th e  
a n im a l s e v e r e ly  when a d m in is te r e d  i n  a  m a rg in a l  d i e t .
Jo h n so n  e$> a ^ .  (1957) found  t h a t  th e  th e rm a l o x id a t io n  p ro d u c ts  
from  p o ly - u n s a tu r a te d  f a t t y  a c i d s ,  p r im a r i ly  l i n o l a i c  a c i d ,  f e d  to  r a t s  
w ere r e s p o n s ib le  f o r  much o f  th e  l o s s  o f  n u t r i t i o n a l  v a lu e  i n  th e r m a l ly  
o x id is e d  e d ib le  o i l s  a s  m easured  by grow th  r a t e .  T hese r e s u l t s  i n ­
d ic a te d  t h a t  o i l s  w hich  have a  h ig h  l i n o l e i c  a c id  c o n te n t  a r e  more l i k e l y  
t o  undergo  th e rm a l o x id a t iv e  damage th a n  th o s e  w ith  lo w er l i n o l e i c  con­
t e n t s ,  and th e  r a t i o  o f  l i n o l e i c  a c id  to  t o t a l  u n s a tu r a t io n  h a s  an e f f e c t  
on th e  n u t r i t i v e  s t a b i l i t y  o f  th e  o i l  when i t  h a s  been  th e r m a l ly  o x id i s e d .  
The a u th o r s  su g g e s te d  t h a t  th e  p ro d u c ts  form ed d u r in g  th e rm a l o x id a t io n  
w hich cau se  th e  l o s s  o f  n u t r i t i o n a l  v a lu e  w ere p ro b a b ly  p o ly m e ric  i n  
n a tu r e ,  b u t  t h a t  th e r m a l ly  o x id is e d  o i l s  a l s o  c o n ta in e d  c a r b o x y l ic  a c id s  
and c a rb o n y l g ro u p s  w hich  a ls o  m ig h t c a u se  some o f  th e  n u t r i t i o n a l  l o s s  
o b se rv e d  when th e r m a lly  o x id is e d  o i l s  w ere  f e d .
MATERIAL AND METHODS
A* P e ro x id e  D e te rm in a tio n .
The fo l lo w in g  hormone s u sp e n s io n s  were u sed  i n  th e  r e p o r te d  
e x p e r im e n ts :
1 . U e t i n  ( I n s u l i n ,  L i l l y ) ,  U .S .P . m a n u fac tu red  by  E l i  L i l l y  
and  Company.
2 . C o r t io o t r o p in  ACTH m an u fac tu re d  by Armour l a b o r a t o r i e s .
3* C o rto n e  A c e ta te  m an u fa c tu re d  by M erck, S harp  and Done,
d i v i s i o n  o f  Merck and Company, I n c .
4* P ro g e s te ro n e  i n  aq u eo u s su sp e n s io n  m a n u fa c tu re d  by G eorge
A. B reon and Company.
5 .  E s t ro g e n ic  s u b s ta n c e s  i n  aq u eo u s s u s p e n s io n  m an u fa c tu re d  
by G eorge A. Breon and  Company.
The p u re  l i n o l e i c  a c id  w as k in d ly  d o n a te d  by th e  U n ite d  S t a t e s  
D epartm ent, o f  A g r ic u l tu r e  R esea rch  S e r v ic e ,  S o u th e rn  U t i l i s a t i o n  
R e se a rc h  and D evelopm ent D iv is io n ,  New O rle a n s  1 9 , L o u is ia n a .  
P rw nai-a tlon  n f  a  fla H h r» t,^ p ff
On e a ch  day  i n  w hich  an  ex p e rim en t was p e rfo rm e d , a  s ta n d a rd  
r e f e r e n c e  cu rv e  was p re p a re d  by p l o t t i n g  th e  o p t i c a l  d e n s i ty  r e a d in g s  
o b ta in e d  w ith  a  B ausch and  iomb S p e c tro n ie  20 C o lo r im e te r  a t  340 mu 
on  s o lu t i o n s  o f  p u re  i r o n  w ire  (Pe +++) i n  r e d i s t i l l e d  w a te r .  The 
d i s t i l l e d  w a te r  was r e g u l a r l y  d i s t i l l e d  and th e n  d i s t i l l e d  a g a in  
th ro u g h  an  i n d i v i d u a l  c a t i o n i c  and a n io n ic  exchange colum n a t  pH 4 .  
The f o u r  c o n c e n t r a t io n s  o f  f e r r i c  i r o n  u se d  w e re : 2 .5  g a m a ,  10 gamma, 
50 g a m a ,  and  100 gamma/ml. o f  d o u b le  d i s t i l l e d  w a te r .  To a  15
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a l l l i  11 t e r  p y re x  t e s t  t u b e ,  a  2 m i l l i l i t e r  a l i q u o t  o f  each  o f  th e  s ta n d ­
a rd  s o lu t io n s  was ad d ed , and  10 m i l l i l i t e r s  o f  p e ro x id e  r e a g e n t  w ere 
added  im m e d ia te ly . The thum b was th e n  p la c e d  o v e r  t h e  open end o f  th e  
t e s t  tu b e  and  th e  tu b e  in v e r te d  tw ic e ,  th u s  in s u r in g  m ix in g . The t e s t  
t u b e s  w ere th e n  p la c e d  in  a  w a te r  b a th  a t  oCP C f o r  two m in u te s  and 
th e n  c o h lsd  I n  t a p  w a te r .  A f te r  o o o l in g ,  t h e  t e s t  t u b e s  w ere in v e r te d  
tw ic e  a g a in  and 5 m i l l i l i t e r s  added t o  m atched  c o lo r im e te r  tu b e s  and th e  
o p t i c a l  d e n s i ty  re a d  on a  Bausch and  Lomb S p e c tro n ic  20 C o lo r im e te r  a t  
w av e len g th  540 mu.
P r e p a r a t io n  o f  R eag en t.
The p e ro x id e  r e a g e n t  was p re p a re d  d a i l y  a c c o rd in g  to  B a l l s  e t  a l . , 
(1943) a s  f o l lo w s t
1 . Weigh o u t  2 .5  gram s o f  ammonium th io c y a n a te .
2 . Weigh o u t 50 mgms. o f  f e r r o u s  ammonium s u lp h a te .
3 .  M easure o u t  5 m i l l i l i t e r s  o f  c o n c e n tr a te d  s u l f u r i c  a c i d .
4 .  A ll  o f  th e  above a r e  p la c e d  i n  a  500 m i l l i l i t e r  v o lu m e tr ic  
f l a s k  and  d i l u t e d  to  th e  mark w i th  a b s o lu te  m e th y l a l c o h o l .
M ethod.
A 0 .5  m l. sam ple o f  l i n o l e i c  a c id  (4 .3 1 9  x  10 gram s by  a c t u a l  
w e ig h t)  i n  a b s o lu te  m e th y l a lc o h o l  f o r  e v e ry  1 .5  m l. o f  p h o sp h a te  b u f f e r  
w as added to  50 m i l l i l i t e r  f l a s k s  c o n ta in in g  th e  fo llo w in g  co m p o sitio n  
f o r  e v e ry  2 m l. a l i q u o t  sam pled .
1 .  1 .5  m l. o f  S o r r e n s o n 's  p h o sp h a te  b u f f e r ,  pH *  6 .0 ,  and 
0 .5  m l. l i n o l e i c  a d d .
2 . 1 .5  m l. o f  S o r re n s o n 's  p h o sp h a te  b u f f e r ,  pH -  6 .0  con­
t a i n i n g  a  known amount o f  horm one, and 0 .5  m l. o f  l i n o l e i c  
a c i d .
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3* 1*0 H i. o f  S o r r e n s o n 's  p h o sp h a te  b u f f e r ,  pH » 6 .0 ,  and
0 .5  a l*  o f  an  a s c o rb ic  a c id  s o lu t io n  (0 ,2  mgr am s / m l , )
i n  th e  same p h o sp h a te  b u f f e r ,  and  0 ,5  m l. o f  l i n o l e i c  
a c i d .
4 .  1 .0  m l. o f  S o r r e n s o n 's  p h o sp h a te  b u f f e r ,  pH -  6 .0  con­
t a i n i n g  a  known amount o f  horm one, and 0 .5  m l. o f  an
a s c o r b ic  a c id  s o lu t io n  (0 .2  m i l l ig r a m s /m l , ) i n  th e  same 
p h o sp h a te  b u f f e r ,  and  0 .5  m l. o f  l i n o l e i c  a c id .
The horm one, w h e th e r  w ith  o r  w ith o u t a s e o rb ic  a c i d ,  was th e  same
c o n c e n t r a t io n  p e r  two m i l l i l i t e r  sam ples w h erev er u sed  i n  an  e x p e r im e n t.
The c o t to n  s to p p e re d  f l a s k s  w ere p la c e d  i n  a  w a te r  b a th  a t  37 £  1° 0
and shaken  c o n s ta n t ly  o v e r  a  f o u r  h o u r  p e r io d .  D u p lic a te  a l i q u o t s  o f  2
m i l l i l i t e r s  w ere ta k e n  b e f o re  sh ak in g  commenced and a f t e r  p e r io d s  o f  2 
and 4 h o u rs  from  each  o f  t h e  fo u r  d i f f e r e n t  f l a s k s  r e s p e c t iv e ly  and 
p la c e d  i n  15 m i l l i l i t e r  p y re x  t e s t  t u b e s .  Ten m i l l i l i t e r s  o f  p e ro x id e  
r e a g e n t  was added  im m e d ia te ly  to  e a c h  p y re x  t e s t  tu b e  and th e  c o n te n ts  
a d e q u a te ly  m ix ed . The t e s t  tu b e s  w ere p la c e d  i n  a  w a te r  b a th  a t  6GP C 
f o r  2 m in u te s , and th e n  c o o le d . The t e s t  tu b e s  w ere in v e r te d  tw ic e  a g a in  
and  5 m i l l i l i t e r s  w ere added t o  m atched  c o lo r im e te r  tu b e s  and o p t ic a l ,  
d e n s i t y  r e a d  on th e  Bausch and lomb S p e c tro n ic  20 w ith  2 m l. o f  S o r r e n s o n 's  
p h o sp h a te  b u f f e r  t r e a t e d  e x a c t ly  a s  th e  2 m l. a l i q u o t s  s e rv in g  a s  t h e  
b la n k .
The r e a d in g s  o b ta in e d  a s  o p t i c a l  d e n s i ty  w ere c o n v e r te d  to  gamma 
o f  f e r r i c  i r o n  by d i r e c t  r e a d in g  from  th e  s t r a i g h t  l i n e  c a l i b r a t i o n  cu rv e  
o b ta in e d  by p l o t t i n g  th e  o p t i c a l  d e n s i ty  a g a in s t  known c o n c e n t r a t io n s  o f  
f e r r i c  i r o n  a t  540 mu.
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As th e  B ausch and lontb S p e c tro n ic  20 was ze ro e d  w ith  a  b la n k  o f  
S o r r e n s o n 's  p h o sp h a te  b u f f e r  t r e a t e d  e x a c t ly  l i k e  th e  e x p e r im e n ta l  
a l i q u o t s ,  t h e o p t i c a l  d e n s i ty  r e a d in g ,  when c o n v e r te d  on th e  c a l i b r a t i o n  
d u rv e  t o  gamut o f  f e r r i c  i r o n ,  d i r e c t l y  s u p p lie d  th e  ganroa o f  f e r r o u s  
I r o n  o x id is e d  t o  f e r r i c  i r o n  by th e  p e ro x id e s  form ed d u r in g  th e  a u to x i -  
d a t io n  o f  th e  l i n o l e i c  a c id *
A ccord ing  t o  L ip s  e t  a l .  (1943) th e  t o t a l  p e ro x id e  can be c a lc u ­
l a t e d  and was e x p re s s e d  i n  th e s e  d a ta  a s  m i l l i e q u iv a l e n t s  o f  p e ro x id e  
p e r  gram o f  l i n o l e i c  a c i d .
C o n c e n tra t io n s  o f  S u b s ta n c e s  U sed.
As th e r e  i s  v e ry  l i t t l e  in fo rm a t io n  on  b lo o d  l e v e l s  o f  endogenous 
horm ones found  i n  a n im a ls ,  a  p r e l im in a r y  s e r i e s  o f  e x p e r im e n ts  w ith  
v a ry in g  hormone c o n c e n t r a t io n  was ru n  f o r  each  hormone t e s t e d .  One o f  
th e s e  hormone c o n c e n t r a t io n s  was s e l e c t e d .  The hormone c o n c e n t r a t io n  
s e l e c t e d  was d e te rm in e d  by w h e th e r  a  p a r t i c u l a r  c o n c e n t r a t io n  produced  
an  in c r e a s e  o r  d e c re a s e  in  p e ro x id e  v a lu e  a s  oompared to  th e  p e ro x id e  
v a lu e  i n  th e  ab sen ce  o f  th e  horm one. In  each  e x p e rim e n t th e  hormone 
c o n o n e tr a t io n  f o r  th e  4  d i f f e r e n t  f l a s k s  was i d e n t i c a l .  The hormone 
c o n c e n t r a t io n s  u sed  w ere a s  f o l lo w s :
1 .  I n s u l i n :  0*2 I .U . / c c
2 . ACTH: 0 .2  I .U . / c c
3 .  C o r t is o n e  a c e t a t e :  3 x  10~^ m g ./c c  (500  gam aa/cc)
4 .  P ro g e s te ro n e :  5 x  10“4  m g ./c c  (500 g am aa/cc)
5 . E s tro g e n ic  s u b s ta n c e :  10 x  10~6 m g ./c c  (100 I .U . / c c ) .
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B. Oxygen C onsum ption .
Oxygen consum ption  on two m i l l i l i t e r  a l i q u o t s  c o n ta in in g  l i n o l e i c  
a c id  and i n s u l i n  and e s t r o g e n ic  s u b s ta n c e , a s  r e p r e s e n t a t i r e s  o f  th e  
p r o te in o id  and  s t e r o i d  horm ones, in  th e  p re se n c e  and a b sen ce  o f  a s c o rb ic  
a c id  i n  p h o sp h a te  b u f f e r  w as d e te rm in e d  by u se  o f  t h e  W arburg a p p a r a tu s .
T hese  e x p e r im e n ts  w ere ru n  i n  o r d e r  to  d e te rm in e  i f  an  in c r e a s e  
o r  d e c re a s e  in  oxygen consum ption  o f  th e  two m i l l i l i t e r  a l i q u o t  p a r a l ­
l e l e d  t h e  i n c r e a s e  o r  d e c re a s e  i n  th e  p e ro x id e  v a lu e  o b ta in e d  on th e  
same a l iq u o t*
C. D e te rm in a tio n  o f  Asco r b ic  A c id .
A sco rb ic  a c id  was d e te m in e d  on two m i l l i l i t e r  a l i q u o t s  c o n ta in ­
in g  a s c o rb ic  a c i d ,  l i n o l e i c  a c id  and p h o sp h a te  b u f f e r  and  a s c o r b ic  a c i d ,  
l i n o l e i c  a c i d ,  hormone and  p h o sp h a te  b u f f e r .  The horm ones u sed  w ere 
i n s u l i n  and e s t r o g e n ic  s u b s ta n c e .
These e x p e r im e n ts  w ere p refo rm ed  to  p ro v id e  in fo rm a tio n  a s  to  
w h e th e r  a s c o rb ic  a c id  a c te d  a s  a  c a t a l y s t  in  a u to x id a t lo n  o r  i f  a s c o r b ic  
a c id  a c te d  a s  a  s u b s t r a t e  i n  th e  r e a c t i o n ,  th e r e b y  b e in g  consumed o r  
tra n s fo rm e d  so t h a t  i t  became n o n - d e te s ta b le  a s  a s c o r b ic  a c id  a t  t h e  
end o f  f o u r  h o u rs  o f  in c u b a t io n  a t  37° 1 1° C.
T h is  m ethod o f  d e te rm in in g  a s c o rb ic  a c id  i s  b ased  upon th e  work 
o f  P epkow lts  (1943) and R obinson  and S to ts  (1945) a s  p u b l is h e d  by  th e  
A s s o c ia t io n  o f  V itam in  C h e m is ts , I n c .  (1 9 5 1 ). I t  i s  known a s  t h e  
In d o p h en o l-X y len e  E x t r a c t io n  M ethod.
RESULTS
A. &XS£tnS£-
In  T ab le  I  th e  p e ro x id e  v a lu e s  o f  t e n  e x p e r im e n ts  w ith  th e  horm one, 
i n s u l i n ,  a r e  l i s t e d .  F ig u re  1 i s  a  g ra p h ic  r e p r e s e n ta t i o n  o f  the  a v e ra g e  
p e ro x id e  v a lu e s  o f  th e  t e n  e x p e r im e n ts  a t  a e r o ,  two and f o u r  h o u rs  r e ­
s p e c t iv e ly .  I t  can  be seen  from  th e  g rap h  t h a t  h ig h e r  p e ro x id e  v a lu e s  
w ere r e c o rd e d  a t  each  p e r io d  t e s t e d  i n  th e  p re se n c e  o f  a s c o rb ic  a c i d .
I t  can  be n o te d  a l s o  t h a t  in  th e  p re se n c e  o f  a s c o rb ic  a c id ,  betw een  two 
and f o u r  h o u r s ,  th e r e  i s  a  d e c re a s e  i n  t h e  p e ro x id e  v a lu e  in  th e  p re ­
sen ce  and a b sen ce  o f  i n s u l i n  w hich  do es  n o t  a p p e a r  when a s c ro b ic  a c id  
i s  a b s e n t .
In  a l l  e x p e r im e n ts ,  th e  s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  v a r ia n c e  
a t  th e  1$ l e v e l  and th e  s ta n d a rd  d e v ia t io n  o f  th e  v a r ia n c e  a t  th e  l£  
and 5Jf l e v e l ,  was c a l c u l a t e d  a c c o rd in g  to  D u n c a n 's  (1955) M u ltip le  Range 
T e s t  o f  S ig n i f i c a n c e .
T a b le  I I  i n d i c a t e s  th e  s ig n i f i c a n c e  o f  th e  f o u r  d i f f e r e n t  t r e a t ­
m en ts a t  z e r o ,  two and fo u r  h o u rs  r e s p e c t i v e l y .
At z e ro  h o u r , t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een  p e ro x id e  
v a lu e s  i n  th e  p re se n c e  o r  ab se n c e  o f  i n s u l i n  when a s c o r b ic  a c id  1 b 
a b s e n t .  In  th e  p re s e n c e  o f  a s c o rb ic  a c i d ,  t h e r e  i s  a  s i g n i f i c a n t  i n ­
c r e a s e  i n  th e  p e ro x id e  v a lu e  a t  t h e  l e v e l  o f  p r o b a b i l i t y  i n  th e  
p r e te n c e  o f  t h e  i n s u l i n  a s  com pared t o  i t s  ab sence*
At two h o u r s ,  t h e r e  i s  a  s i g n i f i c a n t  in c r e a s e  i n  th e  p e ro x id e  v a lu e  
a t  th e  5% l e v e l  o f  p r o b a b i l i t y  w ith o u t  added a s c o r b ic  a c i d .  I n  th e
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T able 1 . Peroxide v a lu e s  in  m illie q u iv a le n ts /g ra m  o f  l i n o le i c  a c id  in  th e  piresence and absence o f  in s u l in  and 
a sc o rb ic  a e id .
Date 8 /1 8 /5 8 8/20/58 10 /3 /58 10/6 /58 10/7 /58 10/13 /58 1 0 /14 /58  _ 10/15 /58 10/16 /58 1 0 /17 /58
0 Hours 
1 . N.A.A. .198 .079 .310 .428 .412 .325 .277 .318 .333 .365
2. N.A.A. + H. .230 .071 .313 .388 .396 .317 .273 .317 .317 .365
3 . A.A. .82A .642 .793 .888 .819 .793 .816 .626 .634 .626
A* A.A, ♦ H. <650 .555 .801 .816 .864 .785 .872 .622 .500 .618
?.H pP£l 
1 . N.A.A. .21A .388 .540 .452 .444 .540 .436 .333 .350 .515
2 . N.A.A. + H. .277 .594 .511 .710 .634 .630 .650 .396 .452 .527
3 . A.A. 1.300 1.110 .967 1.062 1.190 .983 1.066 .951 1.070 .824
A. A.A. + H. 1.3A0 1.102 1.173 1.213 1.371 1.102 1.190 1.260 1.340 1.054
A Hours 
1 . N.A.A. .430 .571 .745 .580 .547 .587 .571 .400 .412 .594
2 . N.A.A. -f H. .380 .721 .710 .745 .729 .801 .864 .476 .555 .634
3 . A.A. 1.030 .801 .824 .856 .951 .805 •801 .690 .840 .713
A* A. A. 4 H. 1.118 .880 .872 .967 1.030 .912 .904 .912 .943 .810
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F ig u re  1 A verage p e ro x id e  v a lu e s  from  t e n  e x p e r im e n ts  i n  
th e  p re s e n c e  and ab se n c e  o f  i n s u l i n  a t  z e r o ,  two 
and f o u r  h o u rs*  R e a c ta n ts  i n  p h o sp h a te  b u f f e r  
a t  pH 6 .
N .A.A. -  L in o le ic  a c i d .
N.A.A. + H. -  L in o le ic  a c id  and  i n s u l i n .
A.A. -  L in o le ic  a c id  and a s c o r b ic  a c i d .
A. A. + H. -  L in o le ic  a c i d ,  a s c o r b ic  a c id  and
i n s u l i n .
1.2
I.!
10
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Figure I
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T a b le  I I .  Summary o f  s t a t i s t i c a l  a n a ly s i s  f o r  i n s u l i n .
D eg rees  o f  
Freedom
8um o f  
S a u a re s
He an  
S q u are F S ig n i f ic a n c e
A. 0  H ours,, no In c u b a t io n
T o ta l 39 27 . 229 0 .6 9 8
T re a tm en t 3 16 .605 6 .2 0 2 2 5 .8 1
E r r o r 36 8 .6 2 1 0 .2 1 0
B . 2 H ours o f  I n c u b a t io n a t  37 ± 1° 5 .  Shaking
T o ta l 39 50 .097 1 .2 8 5
T rea tm en t 3 1 1 .6 9 0 1 1 .8 9 7 9 9 .3 1 **
E r r o r 36 5 .1 0 7 0 .1 5 0
C. 1  H ours o f  In c u b a tio n a t  37 t  I® C. S haking
T o ta l 39 13 .707 0 .3 5 2
T rea tm en t 3 8 .9 6 2 2 .987 2 6 .2 9 *«
E r r o r 36 1 .7 1 5 0 .1 3 2
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p re se n c e  o f  a s c o r b ic  a c id  t h e r e  i s  a  s i g n i f i c a n t  in c r e a s e  in  th e  
p e ro x id e  v a lu e  a t  t h e  15t l e v e l  o f  p r o b a b i l i t y  i n  t h e  p re se n c e  o f  i n ­
s u l i n  a s  com pared t o  i t s  a b s e n c e .
At f o u r  h o u rs ,  th e r e  i s  a  s i g n i f i c a n t  i n c r e a s e  i n  th e  p e ro x id e  
v a lu e  a t  th e  1% l e v e l  o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  i n s u l i n  w ith o u t  
added  a s c o r b ic  a c i d .  In  th e  p re se n c e  o f  a s c o r b ic  a c i d ,  t h e r e  i s  a  s i g n i ­
f i c a n t  in c r e a s e  i n  th e  p e ro x id e  v a lu e  a t  t h e  l£  l e v e l  o f  p r o b a b i l i t y  i n  
th e  p re se n c e  o f  i n s u l i n  a s  com pared to  i t s  a b s e n c e .
S o r t l c o t r o p i n  ACTH.
In  T a b le  I I I  t h e  p e ro x id e  v a lu e s  o f  t e n  e x p e r im e n ts  w ith  th e  
horm one, c o r t io o t r o p i n  (ACTH) a r e  l i s t e d .  F ig u re  2 i s  a  g ra p h ic  r e ­
p r e s e n ta t i o n  o f  th e  a v e ra g e  p e ro x id e  v a lu e s  o f  th e  t e n  e x p e r im e n ts  a t  
z e r o ,  two and  f o u r  h o u rs  r e s p e c t i v e l y .  I t  can be n o te d ,  t h a t  i n  th e  
p re se n c e  o f  a s c o rb ic  a c i d ,  betw een  two and  f o u r  h o u r s ,  t h e r e  i s  a  d e ­
c r e a s e  i n  th e  p e ro x id e  v a lu e  i n  th e  p re se n c e  o r  a b sen ce  o f  ACTH w hich  
d o es  n o t  a p p e a r  when a s c o rb ic  a c id  i s  a b s e n t .
T ab le  IV i n d i c a t e s  t h e  s ig n i f i c a n c e  o f  th e  f o u r  d i f f e r e n t  t r e a t ­
m en ts  a t  z e r o ,  two and f o u r  h o u rs  r e s p e c t i v e l y .
At z e ro  h o u r ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  
p e ro x id e  v a lu e s  i n  th e  p re se n c e  o r  a b se n c e  o f  ACTH, i n  th e  ab se n c e  o f  
a s c o r b ic  a c i d .  In  th e  p re se n c e  o f  a s c o r b ic  a c i d ,  t h e r e  i s  a  s i g n i f i c a n t  
d e c re a s e  i n  th e  p e ro x id e  v a lu e  a t  th e  l e v e l  o f  p r o b a b i l i t y  i n  t h e  p re ­
sen ce  o f  ACTH a s  oom pared t o  i t s  a b s e n c e .
At two h o u rs ,  t h e r e  i s  a  s i g n i f i c a n t  in c r e a s e  i n  t h e  p e ro x id e  
v a lu e  a t  t h e  l £  l e v e l  o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  ACTH w ith o u t  
added  a s c o r b ic  a c i d .  In  t h e  p re se n c e  o f  a s c o r b ic  a c id ,  th e r e  i s  a
T able I I I .  Peroxide v a lu e s  in  * i  H i  eq u iv a le n t a /  g ra«  o f  l i n o le i c  a c id  in  th e  presence and absence o f  c o r t ic o tro p in  
ACTH sa d  a sc o rb ic  a c id .
Date 12/10/53 12/11/58 12/12/58 12/13 /5  8 _ 12/15/58 12/16/58 1 /5 /5 9 1 /6 /59 . 3 /2 /5 9 10/28/58
0 Hours 
1 . N.A.A. .333 .388 .380 .380 .404 .396 .412 .420 .445 .301
2. N.A.A. + H. .390 .AQ/| .404 .400 .400 .476 .388 .428 .484 .254
3 . A.A. .602 •682 •618 .816 .810 .594 .460 •682 .682 .551
4 . A.A. + H. .444 .468 .555 .634 .721 .491 .491 .642 .650 •468
2 Hpur*
1 . N.A.A. .634 .721 .658 .793 .710 .810 .634 .730 .324 .567
2. N.A.A. + H. .967 .960 .960 .991 .951 1.335 1.046 1.040 1.070 .805
3 .  A.A. .777 .896 .912 .991 .991 .793 .697 .785 .634 1.094
4 . A.A. + H. 1.157 1.110 1.062 1.062 1.110 1.026 .810 .959 .713 1.126
4 Hours 
1 . N.A.A. .380 .904 .888 1.034 1.022 1.411 1.046 1.181 1.300 .737
2. N.A.A. + H. 1.902 1.966 1.902 1.810 2.013 3.020 2.180 2.013 1.990 1.561
3 . A.A. .580 .634 .662 .587 .753 .590 .500 .563 .540 .824
4 . A.A. + H. .856 .888 .892 .761 .931 .812 .610 .700 .594 .943
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F ig u re  2 A verage p e ro x id e  v a lu e s  from  t e n  e x p e r im e n ts  i n  
th e  p re se n c e  and ab sen ce  o f  c o r t i c o t r o p i n  ACTH 
a t  a e r o ,  two and f o u r  hou rs*  R e a c ta n ts  in  
p h o sp h a te  b u f f e r  a t  pH 6*
N .A .A . — L in o le ic  a c id .
N.A.A. + H* -  L in o le ic  a c id  and c o r t i o o t r c p i n
ACTH.
A. A. -  L in o le ic  a c id  and a s c o r b ic  a c i d .
A.A. + H. -  l i n o l e i c  a c id  and a s c o r b ic  a c id  and
c o r t i c o t r o p i n  ACTH.
'O -
o
J
0 5
6
T i t *  in Hour s
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35
T a b le  IV , S u n d r y  o f  s t a t i s t i c a l  a n a l y s i s  f o r  c o r t i c o t r o p i n  ACTH,
D ogroos o f §iun o f  
S u o a re s
Mean
F S ig n i f ic a n c e
a .  g. tigwry.> *» In c u b a tio n
T o ta l 39 7 .2 5 0 .1 8 6
T rsa taszx t 3 4 .8 3 1 .6 0 9 2 4 .0 2 **
E r r o r 36 2 .4 3 0 .0 6 7
fi, 2 H ours o f  In c u b a t io n a t  37 ± 29 C. Shaicina
T o ta l 39 1 2 .7 2 0 .3 2 6
T r e a ta e n t 3 6 .4 6 2 .1 5 4 1 2 .3 8 **
E r r o r 36 6 .2 6 0 .1 7 4
C, 4  H ours o f  In c u b a tio n  a t  37 i  1° C._ S h ak in g
T o ta l 39 138 .75 3 .5 8 8
T re a tm en t 3 1 1 9 .4 2 3 9 .8 1 7 3 .7 1 **
E r r o r 36 1 9 .3 0 .5 4
3 *
s ig n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  v a lu e  a t  t h e  55? l e v e l  o f  p roba­
b i l i t y  i n  th e  p re se n c e  o f  ACTH a s  compared to  i t s  a b se n c e .
At fo u r  h o u rs , th e r e  i s  a  s ig n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  
v a lu e  a t  th e  15? l e v e l  o f  p r o b a b i l i ty  i n  th e  p re se n c e  o f  ACTH w ith o u t 
added a s c o rb ic  a c i d .  In  th e  p re se n c e  o f  a s c o rb ic  a c id ,  t h e r e  i s  no
s ig n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  v a lu e  in  th e  p re sen ce  o f  ACTH
a s  compared to  i t s  a b se n ce .
C o r tiso n e  A c e ta te .
In  T able  V th e  p e ro x id e  v a lu e s  o f  te n  ex p e rim en ts  w ith  th e  
hormone, c o r t is o n e  a c e t a t e ,  a r e  l i s t e d .  F ig u re  3 i s  a g ra p h ic  r e p r e ­
s e n ta t io n  o f  th e  av e rag e  p e ro x id e  v a lu e s  o f  th e  te n  e x p e r im e n ts  a t  
z e r o ,  two and fo u r  h o u rs  r e s p e c t iv e ly .  I t  can be n o ted  t h a t  in  th e  
p re sen ce  o f  a s c o rb ic  a c id ,  betw een two and f o u r  h o u rs , th e r e  i s  a d e ­
c re a s e  i n  th e  p e ro x id e  v a lu e  in  th e  p re sen c e  and absence  o f  c o r t is o n e  
w hich do es  n o t a p p e a r  when a s c o rb ic  a c id  i s  a b s e n t .
T ab le  VI i n d i c a t e s  th e  s ig n i f ic a n c e  o f  th e  fo u r  d i f f e r e n t  t r e a t ­
m ents a t  s e r o ,  two and f o u r  h o u rs  r e s p e c t iv e ly .
At a e ro  h o u r , t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  
p e ro x id e  v a lu e s  in  th e  p re sen ce  o r  ab sen ce  o f  c o r t i s o n e ,  when a s c ro b ic  
a c id  i s  a b s e n t .  In  th e  p re se n c e  o f  a s c o rb ic  a c id ,  t h e r e  i s  a  s i g n i f i c a n t  
in c r e a s e  in  th e  p e ro x id e  v a lu e  a t  t h e  l £  l e v e l  o f  p r o b a b i l i t y  in  th e  
p re se n c e  o f  c o r t i s o n e  a s  compared to  i t s  a b se n c e .
At two h o u rs , th e r e  i s  a  s ig n i f i c a n t  d e c re a se  i n  th e  p e ro x id e  
v a lu e  a t  th e  l £  l e v e l  o f  p r o b a b i l i ty  i n  th e  p re se n c e  o f  o o r t i s o n e  w ith ­
o u t added a s c o rb ic  a c id .  In  th e  p re se n c e  o f  a s c o rb ic  a c i d ,  th e r e  i s  a
s i g n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  v a lu e  a t  th e  15? l e v e l  o f  p r o b a b i l i t y  
in  th e  p re se n c e  o f  c o r t is o n e  a s  compared t o  i t s  a b se n c e .
Table V. Peroxide v a lu e s  in  m i l l ie q u iv a le n ts /g ra a  o f l in o l e i c  a c id  i n  th e  presence and absence o f  c o r tis o n e  and 
a sc o rb ic  acid*
Date 2 /4 /5 9 2 /6 /59 2/11 /59 2/16/59 2/17/59. _ 2/18/59 2/20 /59 2/24/59 .2/25/59 2/27 /59
0 Hours 
1* N.A.A. .436 .487 .472 .594 .563 .563 .560 .563 .563 .563
2 . L .A ., N.A.A. + H. .466 .491 .487 .638 .567 .560 .600 .555 .571 .555
3 • L.A. f A.A. .555 .721 .642 .404 .634 .555 .642 .682 .590 .594
4 . L«A«j A.A. + H. .642 .368 .713 .555 .618 .700 .729 .864 .770 .730
2 Hours 
1* L .A ., N.A.A. .840 .777 .717 1.102 .991 .960 1.110 .832 1.094 .943
2* L « itf N.A.A. + H. .510 •618 .555 .713 .682 .650 .713 .793 1.054 .790
3 . L .A ., A.A. .844 .947 .721 .967 1.010 .900 .785 .793 .888 .690
4 . L.A*t A.A. + H. .935 1.110 .960 1.200 1.244 .935 1.181 1.070 1.110 .951
4 Hours 
1 . L .A ., N.A.A. 1.347 1.458 1.514 1.982 1.680 1.752 1.942 1.490 1.590 1.585
2 . L .A ., N .a.A . + H. .626 .710 .658 .832 .730 .801 .864 .951 1.110 .912
3* L .A ., A.A. .638 .650 .540 .697 .638 .560 .555 .618 .634 .618
A* L.A.* A. A. + H. .753 .888 .753 .943 .680 .777 .864 .832 1.015 .856
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F ig u re  3» A verage p e ro x id e  v a lu e s  from  t e n  e x p e r im e n ts  in  
th e  p re se n c e  and ab sen ce  o f  c o r t i s o n e - a c e t a t e  
a t  z e r o ,  two and f o u r  h o u rs .  R e a c ta n ts  i n  
p h o sp h a te  b u f f e r  a t  pH 6*
N .A .A , -  L in o le ic  a c i d .
N .A .A . + H. -  L in o le ic  a c id  and c o r t i s o n e -
a c e t a t e  .
A.A. -  L in o le ic  a c id  and a s c o rb ic  a c i d .
A.A. + H -  L in o le ic  a c i d ,  a s c o rb ic  a c id  and  
co r t  i  s o n e - a c s t a t e •
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T im e in Hour*
Figure 3 Lo
ao
T a b le  71* **turwar y o f  s t a t i s t i c a l  a n a l y s i s  f o r  c o r t i s o n e  a c e t a t e .
D eg rees o f  
Freedom
Sum o f  
Squares
Mean
S quare  F S ig n i f ic a n c e
A. 0. H o u rs . No I n c u b a t io n
T o ta l 39 4 .1 4 2 0 .1 0 6
T reatm ent 3 2 .0 7 1 0 .6 9 0  1 1 .9 0 **
E r r o r 36 2 .0 7 1 0 .0 5 8
B. 2 H ours o f  In c u b a t io n  a t  37 1 1° C. S h ak in g
T o t a l 39 1 3 .0 4 1 0 .3 3 4
T rea tm en t 3 6 .8 9 2 2 .2 9 7  1 3 .4 3
E r r o r 36 6 .1 4 9 0 .1 7 1
C. 4_ H ours o f  In c u b a tio n  a t  37 ± 1 ° C. S hak ing
T o ta l 39 66 .885 1 .7 1 5
T rea tm en t 3 59 .855 1 9 .9 5 1  1 0 2 .3 1 **
E r r o r 36 7 .0 3 0 0 .1 9 5
uAt fo u r  h o u rs , th e r e  i s  a  s ig n i f i c a n t  d e c re a se  i n  th e  p e ro x id e  
v a lu e  a t  th e  1% l e v e l  o f  p r o b a b i l i t y  in  th e  p re se n c e  o f  c o r t i s o n e  w ith ­
o u t  added a s c o rb ic  ac id *  In  th e  p re se n c e  o f  a s c o rb ic  a c id ,  t h e r e  i s  
a  s ig n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  v a lu e  a t  th e  l.'t l e v e l  o f  p ro ­
b a b i l i t y  in  th e  p re se n c e  o f  c o r t is o n e  a s  compared to  i t s  a b se n c e .
In  T ab le  V I I ,  th e  p e ro x id e  v a lu e s  o f  te n  ex p e rim en ts  w ith  th e  
hormone, p ro g e s te ro n e , a re  l i s t e d .  F ig u re  4 i t  a  g ra p h ic  r e p re s e n ta ­
t i o n  o f  th e  av e rag e  p e ro x id e  v a lu e s  o f  t h e  t e n  e x p e rim e n ts  a t  s e r o ,  
tie? and fo u r  h o u rs  r e s p e c t iv e ly .  I t  can  be n o te d , t h a t  i n  th e  p re ­
sence o f  a s c o rb ic  a c id ,  betw een two and fo u r  h o u rs , th e r e  i s  a d e c re a se  
i n  th e  p e ro x id e  v a lu e  i n  th e  p re se n c e  and ab sen ce  o f  p ro g e s te ro n e  w hich 
do es  n o t a p p e a r  when a s c o rb ic  a c id  i s  a b s e n t .
T ab le  V I II  i n d i c a t e s  th e  s ig n i f ic a n c e  o f  th e  f o u r  d i f f e r e n t  t r e a t ­
m en ts a t  s e r o ,  two and fo u r  h o u rs  r e s p e c t iv e ly .
At s e ro  h o u r , t h e r e  i s  no s ig n i f i c a n t  d i f f e r e n c e  betw een th e  
p e ro x id e  v a lu e s  in  th e  p re sen ce  o r  absence  o f  p ro g e s te ro n e  w ith  o r  w ith ­
o u t a s c o rb ic  a c id  b e in g  p r e s e n t .
At two h o u rs , th e r e  i s  a  s i g n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  
v a lu e  a t  th e  3% l e v e l  o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  p ro g e s te ro n e  
w ith o u t added a s c o rb ic  a c id .  In  th e  p re se n c e  o f  a s c o rb ic  a c i d ,  th e r e  
i s  no s i g n i f i c a n t  d i f f e r e n c e  in  th e  p e ro x id e  v a lu e  i n  th e  p re se n c e  o r  
a b sen ce  o f  p ro g e s te ro n e .
T able 711* Paroxida v a lu e s  in  « i  H i  equ i v a le n t a /g ra a  o f  l in o  l a i c  a c id  In  th a  presence and absence o f  p ro g estero n e  
and a sc o rb ic  a c id .
Data 3 /16 /59 . 4 /2 /5 9 3 /18 /59 3/19 /59 3/23/59 3/26/59 3/31 /59 4 /1 /5 9 3 /4 /5 9  _ 3 /10 /59
9 .faffiJ
1 .  N.A.A. •618 .697 .626 .560 .626 .618 .737 .634 .634 .618
2. N.A.A. + H. .634 .674 .638 .618 . ,Ov '•jj OCX •602 .721 .666 .658 .610
3 . A.A. .761 •682 .634 .587 .571 .555 .753 .594 .587»
.602
A. A.A. + H. .658 .730 .658 .594 •642 .551 .777 .670 .618 .618
2 Houri 
1 . N.A.A. 1 .070 1.236 1.062 1.126 1.118 1.118 1.363 1.347 1.252 1.310
2 . N.A.A. + H. 1 .347 1.244 1.403 1.324 1.657 1.347 1.427 1.744 1.427 1.510
3 . A.A. •801 .801 .890 .935 .856 .951 1.332 1.728 .816 .801
A* A.A. + H. .983 .951 1.577 1.474 1.102 1.015 1.094 1.855 1.118 .872
k & S M .
1 . N.A.A. 1.902 1.855 1.530 1.760 1.736 1.668 1.966 2.053 1.791 2.100
2 . N.A.A. ♦ H. 2.525 2.045 1.902 1.972 2.203 1.982 2.441 2.520 1.920 3.250
3 . A.A. .654 .555 .602 .658 .580 .713 .888 .753 .594 .634
4 . A. A. + H. .674 .674 1.363 1.133 .737 .713 .710 1.094 .713 .753
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F ig u re  4 A verage p e ro x id e  v a lu e s  from  t e n  e x p e r im e n ts  in  
th e  p re se n c e  and a b sen ce  o f  p ro g e s te ro n e  a t  z e r o ,  
t«K> and f o u r  h o u r s .  R e a c ta n ts  i n  p h o sp h a te  
b u f f e r  a t  pH 6 .
N.A .A. -  L in o le ic  a c i d .
N .A.A. + H. -  L in o le ic  a c id  and p ro g e s te r o n e .
A.A. -  L in o le ic  a c id  and  a s c o r b ic  a c i d .
A.A. + H. -  L in o le ic  a c i d ,  a s c o r b ic  a c id  and
p r o g e s te r o n e .
Tim
e 
in 
H
ours
P e r o m d i  V a l u e ,  f n . e . / g m  o f  L i n o l e i c  A c i d
ro<n a>ro ro
O
0 4
V
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T ab le  V III*  Sunvuary o f  s t a t i s t i c a l  a n a l y s i s  f o r  p r o g e s te r o n e .
D eg rees  o f  
F reed o *
Sue o f
S o u a re s
Mean
S o u are  F_ _ S ig n i f ic a n c e
A. Q H ours.. no In c u b a tio n
T o ta l 39 1 .2 2 3 0 .0 3 1
T re a tm e n t 3 0*022 0 .0 0 7  0 .2 1
E r r o r 36 1 .2 0 1 0 .0 3 3
B . 2 H ours w ith  In c u b a t io n  a t  32  ~ 1° C. S h ak in g
T o ta l 39 31*133 0 .7 9 8
T rea tm en t 3 1 0 .2 2 5 3.J408 5 .8 7 ■w*
E r r o r 36 20*898 0 .5 8 1
C. k  H ours w ith  In c u b a t io n a t  37 t 1° C. S h ak in g
T o ta l 39 2 04 .857 5 .2 5 3
T re a tm e n t 3 1 7 9 .7 5 8 59 .919  8 5 .9 7 **
E r r o r 36 25 .0 9 9 0 .6 9 7
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At f o u r  h o u r s ,  th e r e  i s  a  s i g n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  
v a lu e  a t  t h e  1^ l e v e l  o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  p ro g e s te ro n e  
w ith o u t  added  a s c o rb ic  a c i d .  In  th e  p re se n c e  o f  a s c o rb ic  a c i d ,  t h e r e  
i s  no s i g n i f i c a n t  d i f f e r e n c e  in  th e  p e ro x id e  v a lu e  i n  th e  p re se n c e  o r  
a b se n c e  o f  p r o g e s te r o n e .
E s tro g e n ic  S u b s ta n c e .
In  T ab le  IX , th e  p e ro x id e  v a lu e s  o f  t e n  e x p e r im e n ts  w ith  th e  
horm one, e s t r o g e n ic  s u b s ta n c e  ( E q u i l in  and E q u iL e n in ) , a r e  l i s t e d .  
F ig u re  5 i s  a  g ra p h ic  r e p r e s e n ta t i o n  o f  th e  a v e ra g e  p e ro x id e  v a lu e s  
o f  th e  t e n  e x p e r im e n ts  a t  s e r o ,  two and f o u r  h o u rs  r e s p e c t i v e l y .  I t  
can  be n o te d ,  t h a t  i n  th e  p re se n c e  o f  a s c o r b ic  a c i d ,  betw een  two and 
f o u r  h o u r s ,  th e r e  i s  a  d e c re a s e  i n  th e  p e ro x id e  v a lu e  i n  th e  p re se n c e  
and  ab sen ce  o f  e s t r o g e n ic  s u b s ta n c e  w hich d o es  n o t  a p p e a r  when a s c o r b ic  
a c id  i s  a b s e n t .
T a b le  X i n d i c a t e s  t h e  s ig n i f i c a n c e  o f  th e  f o u r  d i f f e r e n t  t r e a t ­
m en ts  a t  s e r o ,  two and f o u r  h o u rs  r e s p e c t i v e l y .
At s e ro  h o u r ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  
p e ro x id e  v a lu e s  i n  th e  p re se n c e  o r  ab sen ce  o f  e s t r o g e n ic  s u b s ta n c e ,  
when a s o o rb ic  a c id  i s  a b s e n t .  In  th e  p re se n c e  o f  a s c o r b ic  a c id  th e r e  
i s  a  b o r d e r l in e  s i g n i f i c a n t  in c r e a s e  in  th e  p e ro x id e  v a lu e  a t  t h e  
l e v e l  o f  s ig n i f i c a n c e  i n  t h e  p re se n c e  o f  e s t r o g e n ic  s u b s ta n c e  a s  com­
p a re d  t o  i t s  a b s e n c e .
At two h o u r s ,  t h e r e  i s  a  s i g n i f i c a n t  d e c re a s e  i n  t h e  p e ro x id e  
v a lu e  a t  th e  DC l e v e l  o f  p r o b a b i l i t y  i n  th e  p re s e n c e  o f  e s t r o g e n ic  sub­
s ta n c e  w ith o u t  added  a s c o rb ic  a c i d .  In  th e  p re se n c e  o f  a s c o r b ic  a c i d ,
Table IX, Peroxide v a lu e s  in  m il l ! e q u iv a le n t3/ g ran  o f  l in o le ic  a c id  in  th e  presence and absence o f  e s tro g e n ic  
substance and a sc o rb ic  a c id .
Date . 4 /23 /59 .4 /2 7 /5 9 4 /2 6 /59 4 /29 /5 9 4 /30 /59 5 /4 /59 5 /5 /5 9 5 /6 /5 9 4 /9 /5 9 4 /1 0 /5 9
0 . f e w f
1 . L .A .,N A.A. •975 1.015 .959 .975 .951 .745 .601 .770 .721 .697
2 . L.A«| N.A.A. + H. .951 1.000 .951 .960 .919 .745 .793 .721 .713 .710
3 . U A .f A.A. .634 .547 .700 .616 .642 .642 .634 .602 .658 .710
4 . U A . , A.A. + H. .662 .543 .912 .700 .700 .721 .721 .666 .785 .668
1 . L .A ., N.A.A. 1.554 1.625 1.427 1.474 1.500 .951 1.094 1.094 1.102 1.210
ro • r • * N .A.A. + H. .660 .951 .840 .872 .955 .713 .710 .753 .777 .640
3 . U A „ A.A. 1.024 1.276 .927 1.173 .951 1.015 1.120 1.157 .686 .801
4* L .A ., A.A. + H. .963 1.367 1.266 1.221 1.157 .991 1.030 1.150 .967 .912
4 Hours
1 , L«At) N.A.A. 2.425 2*457 .2362 2.520 2.378 1.500 1.800 1.763 1.760 1.950
2* L .A ., I .A .A . + H. 1.038 1.102 1.015 .824 1.118 .864 .790 .672 .810 .672
3 . L .A ., A. A. .713 .610 .658 .840 .642 .713 .785 .666 .626 .634
4# L .A ., A. A. + H. .765 .935 .872 .856 .730 .777 .721 .876 .642 .785
F ig u re  5* A verage p e ro x id e  v a lu e s  from  te n  e x p e r im e n ts  i n  
th e  p re se n c e  and a b se n c e  o f  e s t r o g e n ic  s u b s ta n c e  
a t  a e r o ,  two and f o u r  hou rs*  R e a c ta n ts  i n  phos­
p h a te  b u f f e r  a t  pH 6 .
N.A.A. -  L in o le ic  a c id .
N .A.A. + H. -  L in o le ic  a c id  and  e s t r o g e n ic
s u b s ta n c e .
A.A. -  L in o le ic  a c id  and  a s c o rb ic  a c id .
A.A. + H. -  L in o le ic  a c id ,  a s c o r b ic  a c id  and
e s t r o g e n ic  s u b s ta n c e .
o>
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T ab le  X* Smanary o f  s t a t i s t i c a l  a n a ly s i s  f o r  e s t r o g e n ic  su b s tan ce *
D eg rees  o f  
Freedom
Sum o f  Mean 
S q u a re s  S quare  F S ig n i f ic a n c e
A. 0  H ours,. no I n c u b a t io n
T o ta l 39 7 .2 0 4  0 .1 8 5
T rea tm e n t 3 3 .2 7 8  1 .0 9 3  1 0 .0 3 ■#*
E r r o r 36 3 .9 2 6  0 .1 0 9
B. 2 H ours w ith  In c u b a t io n  a t  37 -  1° C. Shaking
T o ta l 39 21 .415  0 .5 4 9
T rea tm en t 3 9 .4 4 2  3 .1 4 7  9 .4 5 a*
E r r o r 36 1 1 .9 7 3  0 .3 3 3
C. 4  H ours w ith  I n c u b a t io n  a t  37 -  1° C. S haking
T o ta l 39 1 3 9 .1 9 2  3 .5 6 9
T rea tm en t 3 123 .885  4 1 .2 9 5  9 7 .1 7 **
E r r o r 36 1 5 .3 0 7  0 .4 2 5
’o+, o:
Fa*'?
Joe.z-o ho F c la c k in n  i n  nn .■} a r i. on
’n d v o ro ii"  i c r o f i l n c ,  I . . c .
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t h e r e  I s  a  s i g n i f i c a n t  i n c r e a s e  i n  th e  p e ro x id e  v a lu e  a t  th e  1% l e v e l  
o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  e s t r o g e n ic  su b s ta n c e  a s  com pared to  
i t s  a b s e n c e .
At f o u r  h o u r s ,  t h e r e  i s  a  s i g n i f i c a n t  d e c re a s e  i n  th e  p e ro x id e  
v a lu e  a t  th e  1% l e v e l  o f  p r o b a b i l i t y  i n  th e  p re se n c e  o f  e s t r o g e n ic  
s u b s ta n c e  w ith o u t added a s c o rb ic  a c i d .  In  th e  p re se n c e  o f  a s c o r b ic  
a c i d ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  p re se n c e  o r  
a b se n c e  o f  t h e  e s t r o g e n ic  s u b s ta n c e .
B . Oxygen C onsum ption.
In  T a b le  XI th e  oxygen consum ption  i n  m i l l i l i t e r s  p e r  m il l ig ra m  
o f  l i n o l e i c  a c id  i s  l i s t e d  a t  e v e ry  h a l f  h o u r up to  f o u r  h o u rs  f o r  th e  
f o u r  d i f f e r e n t  t r e a tm e n ts  r e s p e c t i v e l y .
F ig u re  6 i s  th e  g ra p h ic  r e p r e s e n ta t i o n  o f  th e  c u m u la tiv e  a v e ra g e  
t o t a l  oxygen consum ption  p e r  h a l f  h o u r o f  t h e  f o u r  d i f f e r e n t  t r e a tm e n ts .  
I t  w i l l  be  n o te d  t h a t  t h e  oxygen consum ption  in c r e a s e s  o v e r  th e  fo u r  
h o u r p e r io d  i n  a l l  f o u r  t r e a tm e n ts .  The oxygen consum ption  o f  l i n o l e i c  
a c id  i s  g r e a t e s t  In  th e  p re se n c e  o f  a s c o rb ic  a c id  and i n s u l i n  and  de­
c r e a s e s  i n  th e  fo llo w in g  o r d e r :  i n  th e  p re se n c e  o f  a s c o rb ic  a c i d ,  i n  
th e  p re se n c e  o f  i n s u l i n  a lo n e ,  and f i n a l l y  in  th e  ab sen c  o f  b o th  
a s c o rb ic  a c id  and i n s u l i n .  I t  w i l l  be n o te d  a l s o  t h a t  o ^ g e n  consump­
t i o n  by th e  l i n o l e i c  a c id  i s  g r e a t e s t  i n  th e  p re se n c e  o f  a s c o rb ic  a c id  
when oom pared t o  i t s  a b s e n c e , w h e th e r  i n s u l i n  i s  p r e s e n t  o r  a b s e n t .
Table X I* Oxygen consumption i  n m illilite r s /m illig r a m  o f lin o le ic  acid in  the presence o f ascorbic ac id  w ith  
the presence o r absence o f in s u lin .
Experiment Experiment Experiment Experiment Average per Ave. C um ulative
________________________I _____________I I __________ I I I ____________IV________ T o ta l Experiment_________ T o ta l
UAf.t NjAfA*
1 . 1 /2  h r .
2 . 1 h r . 0.003 0.001 0.012 0.003 0.003
3 . 1 -1 /2  h re . 0.005 0.003 0.008 0.002 0.005
4* 2 h r s . 0 .007 0.005 0,001 0.013 0*003 0.006
5 . 2 -1 /2  h r s .
6 . 3 h r s . 0.009 0.014 0.023 0.006 0.014
7 . 3 -1 /2  h r s . 0.005 0.005 0 .001 0.015
8 . 4 h r s . 0 .011 0.004 0.015 0.004 0.019
1 . 1 /2  h r .
2 . 1 h r . 0 .011 0.012 0.023 0.006 0.006
3 . 1 -1 /2  h r s . 0 .010 0.013 0.015 0.014 0 .052 0.013 0.019
4 .  2 h r s . 0.015 0.010 0.025 0.006 0.025
5 . 2 -1 /2  h r s . 0 .010 0 .X 3 0.013 0.003 0.028
6 . 3 h r s . 0 .010 0.014 0.027 0.051 0.013 0.041
7 . 3 -1 /2  h r s . 0 .007 0.020 0.023 0.050 0.013 0.054
3 . 4  h r s . 0 .016 0.023 0.007 0.014 0.060 0.015 0.069
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F ig u re  6 A verage c u m u la tiv e  oxygen consum ption  i n  t h e
p re se n c e  and a b se n c e  o f  i n s u l i n  a t  h a l f  h o u r
i n t e r v a l s .
N .A.A. -  L in o le ic  a c id  i n  p h o sp h a te  b u f f e r .
N .A.A. + H. -  L in o le ic  a c id  and i n s u l i n  i n
p h o sp h a te  b u f f e r .
A.A. -  L in o le ic  a c id  and a s c o rb ic  a c id  i n
p h o sp h a te  b u f f e r .
A.A. + H. -  L in o le ic  a c id ,  a s c o rb ic  a c id  and
i n s u l i n  i n  p h o sp h a te  b u f f e r .
__________  -  In  N .A.A. -  no r e a d in g  a t  2 -1 /2
h o u rs , th e r e f o r e  l i n e  e x t r a p o la te d .
L.A . — L in o le ic  a c id .
Av Og C o n s u m p t i o n ,  ml  / m g m  o f  L A
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E s tro g e n ic Substance.
In  T a b le  X II th e  oxygen consum ption  i n  m i l l i l i t e r s  p e r  m ill ig ra m  
o f  l i n o l e i c  a c id  i s  l i s t e d  a t  e v e ry  h a l f  h o u r up to  ^ u r  h o u rs  f o r  th e  
f o u r  d i f f e r e n t  t r e a tm e n ts  r e s p e c t i v e l y .
F ig u re  7 i s  th e  g ra p h ic  r e p r e s e n ta t i o n  o f  th e  c u m u la tiv e  av e rag e  
t o t a l  oxygen consum ption  p e r  h a l f  h o u r o f  th e  f o u r  d i f f e r e n t  t r e a tm e n ts .  
I t  w i l l  be n o te d  t h a t  th e  oxygen consum ption  in c r e a s e s  o v e r  th e  fo u r  
h o u r p e r io d  i n  a l l  f o u r  t r e a tm e n t s .  The oxygen consum ption  o f  l i n o l e i c  
a c id  i s  g r e a t e s t  i n  th e  p re se n c e  o f  a s c o r b ic  a c id  and e s t r o g e n ic  sub­
s ta n c e  and  d e c re a s e s  in  th e  fo llo w in g  o r d e r :  i n  th e  p re sen ce  o f  a s c o r b ic  
a c id ,  i n  th e  p re se n c e  o f  e s t r o g e n ic  su b s ta n c e  a lo n e ,  and f i n a l l y  in  th e  
ab se n c e  o f  b o th  a s c o r b ic  a c id  and i n s u l i n .  I t  w i l l  be n o te d  a ls o  t h a t  
oxygen consum ption  by th e  l i n o l e i c  a c id  i s  g r e a t e s t  i n  th e  p re se n c e  o f  
a s c o r b ic  a c id  when com pared to  i t s  a b s e n c e , w h e th e r e s t r o g e n ic  su b s ta n c e  
i s  p r e s e n t  o r  a b s e n t .
C. A sc o rb ic  Acid D e te rm in a tio n s .
I n s u l i n .
T ab le  X I II  p r e s e n t s  th e  d a ta  f o r  th e  o p t i c a l  d e n s i ty  r e a d in g s  and 
c o rre sp o n d iiig  c a l c u l a t e d  m il l ig ra m s  o f  a s c o rb ic  a c id  p e r  gram o f  m a te r ia l  
p r e s e n t ,  w hich in c lu d e s  a s c o rb ic  a c id ,  l i n o l e i c  a c id  and th e  p re se n c e  o r  
a b se n c e  o f  i n s u l i n ,  a t  z e ro  h o u rs  and a f t e r  f o u r  h o u rs  in c u b a t io n  a t  
37 ± 1° C.
F ig u re  3 i s  th e  g ra p h ic  r e p r e s e n t a t i o n  o f  th e  a v e ra g e  c a l c u l a t e d  
m il l ig ra m s  o f  a s c o r b ic  p r e s e n t  a t  z e ro  and fo u r  h o u rs  i n  th e  p re se n c e  
and a b sen ce  o f  i n s u l i n  w ith  l i n o l e i c  a c i d .  I t  i s  n o te d  t h a t  a t  z e ro
Table H I .  Oxygen consumption in  m illilite rs /m illig ra m  o f lin o le ic  acid  in  the pretence o f ascorbic acid  w ith  
the presence o r absence o f estrogenic substance.
Experiment Experiment Experiment Experiment Average per Ave. Cumnulative
_______________________ l ____________ U __________ 111___________ IT  T . t U  S xp »riM g t_________ M a i ______
L|Am J(|A j A«
1 . 1 /2  h r.
2.  1 h r . 0 .008 0.008 0.002 0.002
3 .  1- 1 /2  h rs . 0 .004 0.004 0.001 0.003
4* 2 h rs . 0 .008 0.008 0.002 0.005
5 .  2- 1 /2  h rs . 0.001 0.001 0.003 0.005
6 .  3 h rs . 0.002 0.006 0.030 0.006 0.013
7 . 3 -1 /2  h rs. 0 .004 0.015 0.019 0.005 0 .018
8 .  4 h rs . 0.004 0.005 0.048 0.057 0.014 0.032
laAtj. .ni ajJ x  .t
1 .  1 /2  h r .
2 . 1 h r. 0 .014 0.014 0.004 0 ,004
3 . 1 -1 /2  h rs . 0.010 0.010 0.003 0.007
4 .  2 h rs . 0.019 0.014 0.033 0.008 0.015
5 .  2- 1 /2  h rs . 0 .016 0.021 0.007 0.044 0.011 0.026
6 .  3 h rs . 0.023 0.020 0.016 0.013 0.072 0.018 0.014
7 . > 1 /2  h rs . 0.010 0.003 0.020 0.003 0.036 0.009 0.053
8 . 4  h rs . 0.020 0.013 0.010 0.049 0.092 0.023 0.076
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F ig u re  7 A verage c u m u la tiv e  oxygen consum ption  i n  t h e  p re ­
sen ce  and ab sen ce  o f  e s t r o g e n ic  s u b s ta n c e  a t  h a l f  
h o u r i n t e r v a l s .
N.A.A, -  L in o le ic  a c id  i n  p h o sp h a te  b u f f e r .
N .A.A. + H. -  L in o le ic  a c id  and e s tr o g e n ic  sub­
s ta n c e  i n  p h o sp h a te  b u f f e r .
A.A. -  L in o le ic  a c id  and  a s c o rb ic  a c id  in
p h o sp h a te  b u f fe r*
A.A. + H. -  l i n o l e i c  a c id ,  a s c o rb ic  a c id  and 
e s t r o g e n ic  s u b s ta n c e  i n  p h o sp h a te  
b u f f e r .
L. A. -  L in o le ic  a c i d .
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Table H I I .  Asoorblc a c id  d e te rm in a tio n s  a t  zero and fo u r hours in  th e  presence and absence o f 
in s u l in  w ith  l in o le ic  ac id  in  m illig ram s of a sco rb ic  ac id  per gram o f  m a te r ia l .
0  Hours L  Hours _____
L .A ., A.A. L*A.j A.A. ^ H. L .A ., A.A. L .A ., A.A. + H.
O p tic a l D ensity O p tic a l D ensity O p tica l D ensity O p tica l D ensity
0.1973 0.2111 0.390 0.3545
0.1973 0,2111 0.381 0.357
OjL&U 0.2007 0.382 Q * m .
Average 0.202 0.208 0.384 0.351
0.1939 0.1956 0.410 0.4145
0.1939 0.2093 0.413 0.3915
0.2518 PsJTO 0.416 o .W >
Average 0.213 0,201 0.413 0.403
sum R T ?
0 Hours 4 Hours
Mg. A«A«/gin. Mg. A.A./gm.
O p tic a l D ensity  M ate ria l O p tica l D ensity M ate ria l
L<A.| A.A. 0.202 46.57 0.384 0 .81
L«A.| A.A. o . a 3 & & 0.413 M S
Average 47.45 0.75
L.A. f A.A. + H. 0.206 43.01 0.351 9 .30
L.A ., A.A. + H. Cf201 49.33 0.403 1 * 2
Average 46.17 6.27
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F ig u re  8* A verage a s c o r b ic  a c id  d e te rm in a tio n s  in  m i l l ig r a m s /  
gram o f  m a te r i a l  p r e s e n t  a t  a e ro  and f o u r  h o u rs  i n  
th e  p re se n c e  and ab se n c e  o f  i n s u l i n  w i th  l i n o l e i c  
a c i d .
L .A ., A.A. -  L in o le ic  a c id  and  a s c o r b ic  a c id
i n  p h o sp h a te  b u f f e r .
L .A ., A.A. + H. -  L in o le ic  a c id ,  a s c o r b ic  a c id  and
i n s u l i n  i n  p h e sp h a te  b u f f e r .
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A . A A . H
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L A , A A . H
0  H o u r s 4  Hour s
F i g u r e  8
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tim e  th e  m il l ig ra m s  o f  a s c o r b ic  a c id  d e te rm in e d  i n  th e  p re se n c e  o r  
ab se n c e  o f  I n s u l i n  v rith  l i n o l e i c  a c id  i s  a p p ro x im a te ly  e q u a l .  At th e  
end o f  f o u r  h o u r s ,  t h e  m il l ig ra m s  o f  a s c o rb ic  a c id  d e te rm in e d  b o th  in  
th e  p re se n c e  and a b se n c e  o f  i n s u l i n  w ith  l i n o l e i c  a c id  was fo u n d  t o  be 
s u b s t a n t i a l l y  red u ced  in  co m p ariso n  t o  th e  o r i g i n a l  d e te rm in a tio n s  a t  
s e ro  h o u rs .  A lso , i t  i s  n o te d  t h a t  a t  th e  end  o f  fo u r  h o u rs ,  th e  amount 
o f  a s c o rb ic  a c id  p r e s e n t  i n  th e  ab se n ce  o f  i n s u l i n  i s  c o n s id e ra b ly  l e s s  
th a n  t h a t  d e te rm in e d  in  th e  p re se n c e  o f  i n s u l i n .
E s tro g e n ic  S u b s ta n c e .
T ab le  XIV p r e s e n t  th e  d a ta  f o r  th e  o p t i c a l  d e n s i ty  r e a d in g s  and 
c o r re s p o n d in g  c a l c u l a t e d  m il l ig ra m s  o f  a s c o rb ic  a c id  p e r  gram o f  m a te r ia l  
p r e s e n t ,  w hich  in c lu d e s  a s c o r b ic  a c id ,  l i n o l e i c  a c i d ,  and th e  p re se n c e  o r  
ab se n c e  o f  e s t r o g e n ic  s u b s ta n c e ,  a t  z e ro  h o u rs  and a f t e r  fo u r  h o u rs  o f  
in c u b a t io n  a t  37 1 1° c «
F ig u re  9 i s  th e  g ra p h ic  r e p r e s e n ta t io n  o f  th e  a v e ra g e  c a l c u l a t e d  
m il l ig ra m s  o f  a s c o rb ic  a c id  p r e s e n t  a t  z e ro  and fo u r  h o u rs  in  th e  p re ­
sen ce  and a b sen ce  o f  e s t r o g e n ic  s u b s ta n c e  w ith  l i n o l e i o  a c i d .  I t  i s  
t h a t  a t  s e ro  tim e  th e  m il l ig ra m s  o f  a s c o rb ic  a c id  d e te rm in e d  i n  t h e  p r e ­
sen ce  o f  e s t r o g e n ic  su b s ta n c e  i s  s l i g h t l y  lo w er th a n  t h a t  d e te rm in e d  i n  
i t s  a b s e n c e . At th e  end o f  f o u r  h o u r s ,  th e  m il l ig ra m s  o f  a s c o r b ic  a c id  
d e te rm in e d  b o th  in  th e  p re se n c e  and a b sen ce  o f  e s t r o g e n ic  su b s ta n c e  w ith  
l i n o l e i c  a c id  was found  to  be s u b s t a n t i a l l y  red u ced  i n  com parison  to  th e  
o r i g i n a l  d e te r m in a t io n s  a t  s e ro  h o u r s .  A lso , i t  i s  n o te d  t h a t  a t  th e  
end  o f  f o u r  h o u r s ,  t h e  amount o f  a s c o r b ic  a c id  p r e s e n t  when e s t r o g e n ic  
su b s ta n c e  i s  p r e s e n t  o r  a b s e n t  i s  a p p ro x im a te ly  e q u a l .
Table XIV* Asoorbic ac id  determ inations a t  zero and fo u r hours in  the  presence and absence of 
estro g en ic  substance w ith l in o le ic  acid  in  m illig ram s o f  asco rb ic  ac id  per gram o f 
m a te r ia l.
_______________o  H o u rs____________________   A - f e a r i____________________
L .A ., A.A. L*A»j A.A. + H* L.A.^ A.A* L*A*| A*A* + H*
O p tic a l Density O p tic a l D ensity:. _ _ _ O p tic a l D ensity O p tic a l Density
0.273 0,2676 0.4035 0.3950
0.263 0.3010 0.4005 0.3910
0.274 2*3?75
Average 0.270 0.281 0.400 0.395
0.2200 0.2366 0.3935 0.3850
0.2366 0.2347 0.4155 0.3955
fi a m 0.4050 0.3745
Average 0.229 0.238 0.405 0.385
SUMMARY:
0 Hours 4 Hours
Mg, A.A,/gm* Mg. A .A ./gm .
O p tic a l D ensity M a te ria l O p tic a l Density M a te ria l
L*A*| A .A. 0 .270 33.76 0.400 1.35
L .A ., A.A. 0 .229 0.405 1*Z£
Average 36.19 1 .42
I* .A ., A.A. + H. 0 .281 30.78 0.395 2 .7 0
I*.A .f  A .A. + H. 0.23S 0.385 2 ^ 2
Average 33.48 1.70
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F ig u re  9* A verage a s c o rb ic  a c id  d e te rm in a tio n  in  m i l l ig r a m s /  
gram o f  m a te r ia l  p r e s e n t  a t  s e ro  and fo u r  h o u rs  in  
th e  p re se n c e  and ab se n c e  o f  e s t r o g e n ic  s u b s ta n c e  
w ith  l i n o l e i c  a a id .
L .A ., A.A. -  l i n o l e i c  a c id  and a s c o rb ic  a c id
i n  p h o sp h a te  b u f fe r*
L.A ., A.A, + H. -  l i n o l e i c  a c i d ,  a s c o rb ic  a c id  and
e s t r o g e n ic  su b s ta n c e  i n  p h o sp h a te  
b u f f e r .
H
ours 
A 
H
ours
Mgm. of A s c o r b i c  A c i d / g m .  of M a t er i a l
ooooo ro O l\>
o
DISCUSSION
Hormones E x h ib i t in g  D ecreased  P e ro x id e  F o rm a tio n  i n  v i t r o .
E a tro g e n ic  S u b s ta n c e .
From th e  r e s u l t s  o b ta in e d  from  e s t r o g e n ic  s u b s ta n c e  was in c u b a te d  
w ith  l i n o l e i c  a c id  in  th e  a b se n c e  o f  a s c o r b ic  a c id  in  p h o sp h a te  b u f f e r  
a t  pH 6 ,  i t  was a p p a re n t  t h a t  i n  th e  p r e s e n t  o f  th e  h o rm in e , t h e r e  was 
a  s i g n i f i c a n t  d e c re a s e  in  l i n o l e i c  a c id  h y d ro p u ro x id e  form ed*
In  th e  l i g h t  o f  t h i s  e v id e n c e  o f  a  d i r e c t  e f f e c t  o f  e s t r o g e n ic  
s u b s ta n c e  i n  i n h i b i t i n g  th e  a u to x id a t io n  o f  an  e s s e n t i a l  f a t t y  a c id  
i n  v i t r o  some p ro b a b le  c o r r e l a t i o n s  can  be made w ith  th e  r e s u l t s  o f  
th e  e f f e c t s  o f  e s t r o g e n ic  s u b s ta n c e s  ^  v iv o .
W ilb u r e t  £ i*  (1954) found  t h a t  th e  a d d i t i o n  o f  an aqueous 
e x t r a c t  o f  i r r a d i a t e d  m e th y l l i n o l e n a t e  c o n ta in in g  some o f  th e  o x id a ­
t i o n  p ro d u c ts  to  f e r t i l i z e d  n o rm a l C h a s to p te ru s  eg g s  r e s u l t e d  i n  
b lo c k a g e  o f  e a r l y  c le a v a g e ,  and th e  p e rc e n ta g e  o f  c e l l s  b lo c k e d  was 
p r o p o r t io n a l  to  t h e  c o n c e n t r a t io n  o f  o x id a t io n  p r o d u c ts .  In  L y te c h in u s  
«&g8» i n  w hich  th e  m i to t i c  a p p a r a tu s  was c l e a r l y  seen  in  th e  l i v i n g  
c e l l ,  o x id iz e d  l i n o l e n a t e  d e s tro y e d  th e  a s t e r s  and s p in d le  and p r e ­
v e n te d  c le a v a g e .  Eggs i r r a d i a t e d  w ith  u l t r a v i o l e t  l i g h t  f o r  30  m in u te s  
o r  lo n g e r  e x h ib i t e d  an  in c r e a s e d  f a t t y  a c id  o x id a t io n  p r o p o r t io n a l  t o  
th e  e x p o s u re . I t  th u s  a p p e a re d  t h a t  a t  l e a s t  a  p o r t io n  o f  th e  e f f e c t s  
o f  u l t r a v i o l e t  l i g h t  may be m e d ia te d  th ro u g h  l i p i d  o x id a t io n *
I t  seemed a p p a r e n t ,  t h a t  th e  p ro d u c tio n  o f  o x id is e d  p ro d u c ts  
o f  f a t t y  a c id  had a  d e t r im e n ta l  e f f e c t  on m ito s is *
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T h is  a p p e a re d  t o  c o n t r a d i c t  th e  work o f  B u llo u g h , H. F . (1943* 
1947) and B u llo u g h , W. S. (1946 , 1950a, 1950b, 1953) who found  t h a t  
e s t r o g e n s  s t im u la te d  m i to s i s  o f  r a t  and mouse e p id e rm is .  However, i f  
o x id iz e d  f a t t y  a c id  i n h i b i t e d  m i t o s i s ,  th e n  in  th e  p re se n c e  o f  
e s t r o g e n ic  su b s ta n c e  w hich p ro d u ced  a  d e c re a s e  i n  f a t t y  a c id  o x id a t iv e  
p r o d u c ts ,  a  s t im u la t io n  o f  m i to s i s  w ould be th e  n e t  r e s u l t .
I n  c o n t r a s t ,  e v id en ce  o f an i n h i b i t i o n  o f  m i to s i s  jyj v iv o  by 
e s t r o g e n ic  m a te r i a l  h as  been  d e m o n s tra te d  by B u llough  (1953)» a t t r i b u t e d  
how ever t o  non p h y s io lo g ic a l  d o se s  w ith  r a t  and mouse e p id e rm is ;  L e t t r e  
(1952) in  f i b r o b l a s t s  and A g re ll  (1954) w hich  was i n  ag reem en t w ith  th e  
work o f  W ilb u r  e£  a ^ .  (1954) and can  p o s s ib ly  be a s s o c ia te d  w ith  i n ­
c re a s e d  p ro d u c ts  o f  l i p i d  o x id a t io n .  However, H o ch s te r  and  ( .h ias te l 
(1949) have su g g e s te d  a  p o s s ib le  e x p la n a t io n  b ased  on th e  a c t i v i t y  o f  
e s t r o g e n s  a s  a  hydrogen  c a r r i e r .  S in ce  i t  was l e s s  e f f i c i e n t ,  how­
e v e r ,  th a n  th e  no rm al hydrogen  c a r r i e r s  w ith  w hich i t  com peted , i t  
c o u ld  l i m i t  r e s p i r a t i o n  by c o m p e ti t io n  r a t h e r  th a n  by i n h i b i t i o n  o f  an 
enzyme sy stem  and  th e r e b y  p roduce  an  i n h i b i t i o n  o f  m i to s i s .
I n  th e  p re se n c e  o f  a s c o r b ic  a c id  w ith  e s t r o g e n ic  s u b s ta n c e ,  a  
s i g n i f i c a n t  in c r e a s e  i n  a u to x id a t io n  o f  l i n o l e i c  a c id  was n o te d  a t  th e  
end o f  two h o u r s .  A p o s s ib le  r e l a t i o n s h i p  to  ^  v i t r o  s tu d ie s  was 
i n d i c a t e d  by  th e  ex p erim en t o f  V as in g to n  e t  a l .  (1953) who found  t h a t  
a s c o r b ic  a c id  p la y e d  an im p o r ta n t r o l e  i n  th e  i n a c t i v a t i o n  o f  e s t r o n e  
by th e  l i v e r  o f  a n im a ls  on a  low p r o te in  d i e t ,  and  th e r e f o r e  su g g e s te d  
t h a t  a s c o rb ic  a c id  n ig h t  have a  f u n c t io n  i n  e s t r o g e n  i n a c t i v a t i o n  by  r a t  
l i v e r .  T h is  p o s s ib le  r o l e  o f  a s c o r b ic  a c id  was su g g e s te d  by th e  r e s u l t s  
o b ta in e d  when e s t r o g e n ic  su b s ta n c e  i n  th e  p re se n c e  o f  a s c o rb ic  a c id
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p ro d u ced  an in c r e a s e  i n  a u to x id a t io n  o f  l i n o l e i c  a c id ,  e n t i r e l y  
o p p o s i te  to  w hat was fo u n d  i n  th e  ab sen ce  o f  a s c o rb ic  a c id  w here a  
s ig n i f i c a n t  i n h i b i t i o n  was n o te d .
F u r th e r  p o s s ib le  c o r r e l a t i o n s  o f  t h e  i n h i b i t i n g  e f f e c t  o f  
e s t r o g e n s  on  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  to  o x id iz e d  p ro d u c ts  
and t h e i r  r e s u l t i n g  e f f e c t s  can  be se e n  by th e  e x p e r im e n ts  o f P r i e s t  
e t  a l .  (1957) and S u l l iv a n  and Sm ith  (1 9 5 7 ). P r i e s t  e t  a l .  (1957) 
found  t h a t  v a ry in g  am ounts o f  i n j e c t e d  e s t r i o l  and e s t r a d i o l  d i f f e r e d  
i n  t h e i r  e f f e c t s  on  serum  l i p i d s  o f  m ale a lb in o  r a t s  and  cau sed  m arked 
e l e v a t io n  o f  serum  c h o l e s t e r o l  and l e s s  e l e v a t io n  in  p h o s p h o lip id s .
T h is  p o s s ib ly  co u ld  be i n t e r p r e t e d  a s  d e c re a s e d  p ro d u c tio n  o f  d e t r i ­
m e n ta l o x id a t iv e  p ro d u c ts  o f  e s s e n t i a l  f a t t y  a c id s .  T h is  i n  t u r n  
r e s u l t e d  i n  th e  p re se n c e  o f  a  g r e a t e r  amount o f  e s s e n t i a l  f a t t y  a c i d .  
K in s e l l  e t  a l .  (1953) su g g e s te d  t h a t  th e  serum  c h o l e s t e r o l  e s t e r  w ith  
s a tu r a t e d  f a t t y  a c id s  was t h e  d o n a to r  o f  e s s e n t i a l  f a t t y  a c id  f o r  new 
p h o s p h o lip id  s y n th e s i s  and p h o s p h o lip id  a c te d  a s  th e  m ost m e ta b o l ic a l ly  
a c t i v e  f u e l  i n  f a t t y  a c id  t r a n s p o r t .  S u l l iv a n  and  Sm ith (1957) found  
t h a t  i n  im m ature m ale  r a t s ,  e sg ro g e n  t r e a tm e n t ,  f o r  t h r e e  w eeks o r  
m ore , r e s u l t e d  i n  a  d e p r e s s io n  o f  body w e ig h t .  In  th e  l i g h t  o f  th e  
in c r e a s e d  a u to x id a t io n  o f  t h e  e s s e n t i a l  f a t t y  a c id ,  l i n o l e i c  a c id ,  in  
th e  p re se n c e  o f  e s t r o g e n ic  s u b s ta n c e  fo u n d  in  th e  d a ta  r e p o r te d ,  i t  
a p p e a re d  t h a t  th e  d e p re s s io n  i n  body w e ig h t r e p o r te d  by b u l l iv a n  and  
Sm ith  (1957) may be due to  la c k  o f  t h e  e s s e n t i a l  f a t t y  a c id s  w hich 
w ere o x i d i s e d .
Ip  v i t r o  oxygen consum ption  m easurem ents on a u to x id i s in g  l i n o l e i c  
a c id  by a e r i a l  oxygen i n  th e  p re se n c e  and ab sen ce  o f  e s t r o g e n ic  sub­
s ta n c e  w ith  and w ith o u t a s c o rb ic  a c id  p r e s e n t  r e v e a le d  t h a t  i n  th e
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p re s e n c e  o f  e s t r o g e n ic  s u b s ta n c e  t h e r e  was an in c r e a s e  in  th e  r a t e  
and amount o f  oxygen consumed p e r  u n i t  tim e  u n d er th e  c o n d i t io n s  o f  th e  
e x p e r im e n t, r e g a r d l e s s  o f  th e  p re se n c e  o r  ab sen ce  o f a s c o r b ic  a c i d .
T hese d a ta  f in d  s u b s t a n t i a t i o n  i n  th e  s tu d ie s  o f  Hagennan and V i l l e e  
(1952 , 1953) and V i l l e e  (1 9 5 5 ) . Hagennan and V i l l e e  (1952, 1953) fo u n d  
t h a t  e s t r o d i a l - 1 7  b e ta  in c r e a s e d  th e  oxygen consum ption  o f  human 
endom etrium  in c u b a te d  i n  v iv o , and a ls o  t h a t  s l i c e s  o f  endom etrium  i n  
th e  l a t e  p r o l i f e r a t i v e  p h ase  o f  th e  m e n s tru a l  c y c le  when e s t r a d i o l  con­
c e n t r a t i o n  in  b lo o d  and u r in e  was a t  a  p eak , p ro d u ced  a  g r e a t e r  r a t e  
o f  oxygen consum ption  and m e ta b o liz e d  s u b s ta n c e s  to  ca rb o n  d io x id e  
f a s t e r  th a n  s l i c e s  o f  endom etrium  i n  th e  e a r ly  p r o l i f e r a t i v e  p h a se .
Good ag reem en t w ith  th e  d a ta  o b ta in e d  i n  v iv o  f o r  t h i s  p a r t i c u l a r  i n ­
v e s t i g a t i o n  was in d ic a te d  by th e  work o f  S c h u le r  and k e i e r  (1 9 5 b )  
who found  t h a t  s t e r o i d s  o f  e s t r o g e n ic  a c t io n  such  a s  e s t r a d i o l ,  
e q u i l e n in ,  e s t r o n e  and d i e t h y l s t i l b e s t e r o l  i n h i b i t e d  th e  sp o n tan e o u s  
o x id a t io n  o f  l i n o l e i c  a c id .
I t  was n o te d  i n  th e  a s o o rb ic  a c id  d e te rm in a tio n s  i n  th e  p re se n c e  
o r  ab sen ce  o f  e s t r o g e n ic  s u b s ta n c e  w ith  l i n o l e i c  a c id  t h a t  a t  th e  end 
o f  fo u r  h o u rs  th e r e  was a  d r a s t i c  d e c re a s e  i n  th e  amount o f  a s c o rb ic  
a c id  d e te rm in e d  r e g a r d le s s  o f  th e  p re se n c e  o r  a b sen ce  o f  e s t r o g e n ic  sub­
s ta n c e .  T h is  r e s u l t ,  a lth o u g h  u n e x p e c te d , can  p o s s ib ly  be e x p la in e d  
by th e  r o l e  o f  a s c o rb ic  a c id  a s  an  a c c e l e r a t o r  i n  a u to x id a t io n  w hereby 
i n  th e  e x p e r im e n ta l  sy stem , a s c o rb ic  a c id  was c o n v e r te d  to  d lh y d ro -  
a s c o r b ic  a e id  o r  d ik e to g u lo n ic  a c id  d u r in g  th e  f o u r  h o u rs  and n o t  d e t e c t ­
a b le  a s  a s c o r b ic  a c id  by th e  method u s e d . The s tu d i e s  o f  ^m ith  (1952) 
s u g g e s te d  a n o th e r  p o s s ib le  e x p la n a t io n .  Sm ith  (1952) fo u n d  t h a t  a  
d e c re a s e  i n  th e  p e ro x id e  v a lu e  o c c u r re d  when a s o o rb ic  a c id  was added  to
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a  n e a t  m ince i n  co m p ariso n  to  th e  u n t r e a te d  m in ce , and t h i s  d e c re a s e  
i n  p e ro x id e  v a lu e  waB a p p ro x im a te ly  p r o p o r t io n a l  to  th e  amount o f  
p e ro x id e  o r i g i n a l l y  p r e s e n t .  He s u g g e s te d  t h a t  t h i s  d e c re a s e  i n  th e  
p e ro x id e  v a lu e  i n  th e  p re se n c e  o f  a s c o r b ic  a c id  was th e  r e s u l t  p r im a r i ly  
o f  th e  r e a c t io n  o f  a s c o r b ic  a c id  w ith  some f a t  p e ro x id e  a l r e a d y  p r e s e n t .  
P r i v e t t  and N ic k e l l  (1 9 5 6 ) found  t h a t  d ie n e  c o n ju g a te d  h y d ro p e ro x id e s  
w ere p roduced  in  th e  a u to x id a t io n  o f  ruethy l l i n o l e a t e ,  and a s  a u to x id a ­
t i o n  c o n tin u e d  is o m e r iz a t io n  o f  th e  o r i g i n a l  d ie n e  c o n ju g a te d  h y d ro ­
p e ro x id e  o c c u r re d  a s  w e l l  a s  th e  fo rm a tio n  o f  monomeric and p o ly m eric  
f r a c t i o n s .  They b e l ie v e d  t h a t  th e  p rim a ry  p o in t  o f  o x id a t iv e  a t t a c k  
a p p e a re d  to  ta k e  p la c e  a t  th e  c o n ju g a te d  d ie n e  in  th e  h y d ro p e ro x id e s  
a s  w e l l  a s  i n  th e  d ie n e  c o n ju g a te d  iso m e rs  o f  m e th y l l i n o l e a t e .  The 
p r im a ry  r e a c t io n  p ro d u c ts  o f  p e ro x id e  i s o l a t e d  from  a u to x id iz e d  m e th y l 
l i n o l e a t e  w ere found  to  be po lym ers form ed i n  a  sequence o f  r e a c t io n s  
in v o lv in g  t h i s  d ie n e  c o n ju g a t io n .  A lthough p e ro x id e  v a lu e s  w ere 
a p p r e c ia b le  i n  d ie n e  c o n ju g a te d  com pounds, th e r e  was a  d e f i n i t e  r e ­
d u c t io n  i n  th e  p e ro x id e  v a lu e s  a s  a  r e s u l t  o f  c o n ju g a t io n  and iso m er— 
i s a t i o n .  A lso d u r in g  a u to x id a t io n ,  th e  d ie n e  c o n ju g a t io n  p r o g r e s s iv e ly  
d e c re a s e d  a s  t r a n s ,  t r a n s - d i e n e  c o n ju g a te d  and i s o l a t e d  t r a n a  d o u b le  
bonds w ere form ed a t  th e  ex p en se  o f  th e  o r i g i n a l  c i s ,  t r a n s  d ie n e  con­
j u g a t i o n .  By i n f r a  re d  s p e c t r a l  a n a l y s i s ,  i t  was d e te rm in e d  t h a t  th e  
t r a n s ,  t r a n s  d ie n e  c o n ju g a te d  compounds w ere m onom eric, w h ile  th e  
i s o l a t e d  t r a n s  d o u b le  bonds r e s id e d  i n  po ly m ers  form ed i n  th e  r e a c t i o n .  
T hroughout t h i s  s e r i e s  o f  com plex r e a c t i o n s ,  oxygen u p ta k e  c o n tin u e d  to  
i n c r e a s e .
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In  th e  l i g h t  o f  th e  work o f  Sm ith (1 9 5 2 ) and P r lv e t t  and N ic k e l l  
(1 9 5 6 ) ,  a  p o s s ib le  e x p la n a t io n  o f  th e  d e c r e a se  in  p e r o x id e  v a lu e s  in  
th e  p resen ce  o f  a s c o r b ic  a c id  o b serv ed  in  a l l  th e  e x p e r im e n ts , in  th e  
p r e se n c e  o r  a b sen ce  o f  th e  horm ones, betw een  two and fo u r  hours may 
be drawn. The co m b in a tio n  o f  th e  a s c o r b ic  a c id  w ith  h y d ro p ero x id e  
a lr e a d y  p r e s e n t ,  and th e  a c c e le r a t in g  a c t io n  o f  a s c o r b ic  a c id  in  th e  
p r o d u c tio n  o f  d ie n e  co n ju g a te d  h y d ro p ero x id es  w hich a re  is o m e r iz e d ,  
and th e  f u r t h e r  a u to x id a t io n  prod u cin g  polym ers in  th e  com p lex  r e a c t io n ,  
r e s u l t e d  in  a d e c r e a se  in  th e  p e r o x id e  v a lu e ,  w h ile  th e  oxygen  con­
sum ption c o n tin u e d  to  in c r e a s e .
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T h is  e x p la n a t io n  nay  be b e t t e r  i l l u s t r a t e d  by th e  s im p l i f i e d  
m echanism  f o r  th e  m ain  c o u rse  o f  l i n o l e a t e  o x id a t io n  su g g e s te d  by 
Holman sJ. a l .  (1954) and p r e s e n te d  below :
^  0 - 0  v  *
• 0 - 0
0 - 0*
( I I I )
( I ) (IV)
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L in o le a t e ,  I ,  l o s e s  a hydrogen atom to  some r a d ic a l  and becom es 
a f r e e  r a d ic a l ,  11. T h is  f r e e  r a d ic a l  i s  a reso n a n ce  h y b r id , th e  two 
extrem e form s o f  w hich a r e  shown a t  I I I .  Oxygen adds to  th e  r e s o n a t in g  
r a d ic a l  p red o m in a n tly  a t  th e  en d s o f  th e  r e s o n a t in g  system  t o  y i e l d  two 
t y p e s  o f  hyd rop eroxy  r a d i c a l s ,  IV . T hese r a d ic a l s  a c c e p t hydrogen  
atom s from  o th e r  l i n o l e a t e  m o le c u le s  to  become c o n ju g a ted  c i s ,  tr a n 3  
h y d r o p e r o x id e s , and in  d o in g  so p e r p e tu a te  th e  c y c l e .
O th e r  r e a c t io n s  w hich may o ccu r  to  a l im it e d  d e g re e  a r e  a s  
f o l l o w s :
1 ) .  Oxygen may add to  th e  in te r m e d ia te  fonn  o f  th e  f r e e  r a d i c a l  
I I  to  y i e ld  n o n -c o n ju g a te d  p e ro x id e s :
H H 00* H OOH
\ \  / X  /
C- 0 , C +H- C
x /  \  / \  /  \  / \  /  \  /
c - c  c - c  — *“ C-C C-C C-C o c
/ I  /  \ /  \  /  \ /  \  /  \
H H H H H H H H H H H H
2 ) .  The c o n ju g a te d  c i s ,  t r a n s  l i n o l e a t e  p e ro x id e  may be 
is o m e r iz e d  t o  a t r a n s ,  t r a n s  fo n n :
*H00
\  / H00
H C. H c
\  /  \  X 1’'' \
C-<T H -------------- ^  \  / G - C  H
^  \  C-C H
/ ”  "  /  \
H H* H
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3 ) .  Polym ers may be formed by a d d i t i o n  o f  r a d i c a l s  I I ,  H I ,  and 
IV w ith  each  o t h e r :
R00« + H* — V- ROOR 
R. + R. — V- R-R
The c y c l i c  o r  ch a in  n a tu r e  o f  th e  r e a c t io n  i s  e v id e n t .  The 
m echanism  in v o lv e s  th r e e  t y p e s  o f  r e a c t io n s :  1 )  ch a in  i n i t i a t i o n ,
2 )  c h a in  p r o p a g a t io n , and 3 )  ch a in  s to p p in g  r e a c t io n s .  The r e a c t io n  
can  be i n i t i a t e d  by th e  a tta c k  o f  any f r e e  r a d ic a l  upon l i n o l e a t e ,  how­
e v e r  th e  m ost p rob ab le  r a d ic a ls  to  i n i t i a t e  c h a in s  a re  th o s e  form ed by 
th e  d e c o m p o s itio n  o f  a  p e r o x id e . P a r a l l e l  o x id a t io n  c h a in s  a re  i n i t i a t ­
ed  by r a d ic a ls  form ed by th e  d e c o m p o s itio n  o f  h y d ro p er o x id e . The h ig h e r  
th e  c o n c e n tr a t io n  o f  p e r o x id e , th e  more ra p id  i s  i t s  r a t e  o f  d ecom p osi­
t io n ;  and a s  o x id a t io n  p ro ceed s  i t  p o n e r a te s  i t s  own c a t a l y s t ,  and th u s  
th e  a u t o c a la l y t i c  n a tu re  o f  th e  r e a c t io n  i s  s u s ta n in e d .
R e a c tio n  c h a in s  can be stop p ed  by c o l l i s i o n  o f  any two r a d ic a l s  
a s  f o l lo w s :
1 .  R. + R. — RR
2 . R. + R00- —►ROOR
3 . R00* + R00* — ROOR + 0 2
I f  r a d ic a l s  a t ta c k  m o le c u le s  o f  o th er  su b s ta n c e s  p r e s e n t ,  p r o d u cts  may 
be formed w h ich  do n o t decom pose to  form r a d ic a l s  and th e r e fo r e  are  
u n a b le  t o  p ro p a g a te  th e  c h a in  r e a c t io n  and th u s  are  a n t io x id a n t s .
For many y e a r s ,  i t  h as been r e c o g n iz e d  th a t  h ig h ly  a u t o x id is e d  
(r a n c id )  f a t s  w ere n o t th e  n u t r i t i o n a l  e q u iv a le n t s  o f  f r e s h  f a t a  and a t
th e  same tim e  e x h ib i t e d  d i f f e r e n t  b i o l o g i c a l  a c t i v i t y  from  f r e s h  f a t s .
The r e a s o n , how ever, f o r  t h i s  d i f f e r e n c e  has n o t been e x p l i c i t e l y  s t a t e d .  
T h is  change in  a c t i v i t y  has been a t t r ib u t e d  to  p e r o x id e s  o r  o x y g en a ted
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p ro d u c ts  a s  c i t e d  by W ilbur e t  a ^ .  (1 9 5 4 ); how ever K au n itz  e t  a l .
(1955) found t h a t  th e  fe e d in g  o f  ad e q u a te  d i e t s  c o n ta in in g  5^ o f  m e th y l 
m o n o h y d ro x y s te a ra te , m e th y l 9 , 10 d ih y d r o x y s te a r a te ,  m e th y l c i s  epoxy­
s t e a r a t e  o r  a  m e th y l o l e a t e  p e ro x id e  c o n c e n tr a te  (85/fr p e ro x id e )  r e ­
s u l t e d  i n  no s ig n s  o f  t o x i c i t y .  These r e s u l t s  su g g e s te d  t h a t  s im p le  
s u b s ta n c e s  w eren o t th e  o r in c ip a l  a g e n ts  r e s p o n s ib le  f o r  th e  a d v e rse  
b i o l o g i c a l  e f f e c t s  n o te d  by v a r io u s  w o rk e rs  in  th e  f i e l d .  K& unitz 
(1955) found  e v id e n c e  t h a t  abnorm al n u t r i t i o n a l  p r o p e r t i e s  o f  h ig h ly  
a u to x id iz e d  f a t s  w ere r e a l t e d  to  po lym ers w hich  d ev e lo p ed  d u r in g  a u to x i ­
d a t io n ,  r a t h e r  th a n  p e ro x id e s  o r  o x y g en a ted  com pounds. A long t h i s  same 
l i n e  o f  e v id e n c e , Johnson  e t  a l .  (1957) su g g e s te d  t h a t  p o ly m erize d  
p ro d u c ts  form ed e s p e c i a l l y  from  l i n o l e i c  a c id  d u r in g  th e rm a l o x id a t io n  
w ere r e s p o n s ib le  f o r  th e  o l s s  o f  n i t r i t i o n a l  v a lu e  o f  th e r m a l ly  o x id iz e d  
e d ib le  o i l s  a s  m easured by grow th r a t e .  Thus th e  r o le  o f  p o ly m eric  
o x id a t io n  p r o d u c ts ,  r e s u l in g  from  a u to x id a t io n  o f  e s s e n t i a l  f a t t y  a c i d s ,  
a p p e a r  to  be assum ing  new im p o rtan ce  in  th e  d e te rm in a tio n  o f  a c t i v i t y  
o f  b i o l o g i c a l  sy s tem s .
C o r t ia o n e - A c e ta te .
When o o r tia o n e  was in c u b a te d  w ith  l i n o l e i c  a c id  i n  th e  a b se n c e  o f  
a s o o rb ic  a c id  i n  p h o sp h a te  b u f f e r  a t  pH 6 ,  i t  was a p p a re n t t h a t  t h e r e  
was a  s i g n i f i c a n t  d e c re a s e  i n  l i n o l e i c  a c id  h y d ro p e ro x id e  fo rm ed. How­
e v e r ,  i n  th e  p re se n c e  o f  a s c o rb ic  a c i d ,  th e r e  was a  s ig n i f i c a n t  in c r e a s e  
i n  h y d ro p e ro x id e s  form ed from  l i n o l e i c  a c id  in  th e  p re se n c e  o f  o o r t i s o n e .
E v id en ce  h as  p r e v io u s ly  been  p re s e n te d  c o n c e rn in g  th e  p o s s ib le  
r e l a t i o n s h i p  o f  compounds p roduced  d u r in g  a u to x id a t io n  w hich may e f f e c t  
b i o l o g i c a l  a c t i v i t y ,  e s p e c i a l l y  po lym ers o f  a u to x id iz e d  e s s e n t i a l  f a t t y
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a c i d s .  In  th e  p re se n c e  o f  c o r t i s o n e ,  l i n o l e i c  a c id  h y d ro p e ro x id e s  
w ere d e c re a se d ; how ever th e  p o s s i b i l i t y  o f  in c re a s in g ; polym er p ro d u c tio n  
e x i s t s ,  p e rh a p s  th ro u g h  ra p id  c o n v e rs io n  o f  d ien e  c o n ju g a te s  to  po ly m ers  
in  th e  p re se n c e  o f  c o r t i s o n e ,  o r  an  o v e r a l l  r e a u c t io n  o f  a l l  o x id a t iv e  
p r o d u c ts ,  though  s t i l l  p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t io n s  to  p o s s e s s  
some a d v e rse  b i o l o g i c a l  e f f e c t .  A p o s s ib le  a d v e rs e  b i o l o g i c a l  e f f e c t  
due to  th e s e  o x id a t iv e  p ro d u c ts  was su g g e s te d  by th e  r e s u l t s  o f  H a rr is o n  
e t  a l .  (1 9 5 7 ). The a u th o r s  found  t h a t  in  r a t a  made r a c h i t i c  on  a  v i ta m in  
D d e f i c i e n t  d i e t ,  t h e  a d d i t io n  o f  c o r t i s o l  to  th e  d i e t  p roduced  a  r e ­
d u c t io n  i n  th e  c o n c e n t r a t io n  o f  c i t r a t e  i n  th e  serum , w h ile  a t  t h e  same 
tim e  i t  b lo c k e d  th e  e f f e c t  o f  v i ta m in  D in  in c r e a s in g  th e  serum  and bone 
c i t r a t e  l e v e l s .  S o b e l (1958)* i n  an  e m b ry o lo g ic a l s tu d y , found  t h a t  
a d m is t r a t io n  o f  1 mg. o f  c o r t i s o n e /c h ic k  egg produced  d i s tu r b a n c e s  o f  
p h y s io lo g ic a l  and m e ta b o lic  p ro c e s s e s  a s  in d ic a te d  by f a t t y  d e g e n e ra t io n  
o f  l i v e r ,  en la rg e m e n t o f  h e a r t  and changes in  th e  e l im in a t io n  o f  
e l e c t r o l y t e s  and s u g a r .  In  t h i s  c a s e ,  th e  d e c re a s e d  d e s t r u c t i o n  o f  
e s s e n t i a l  f a t t y  a c id  may be r e l a t e d  to  in c r e a s e d  f a t  m e tab o lism  and depo­
s i t i o n  i n  th e  l i v e r .  F i s h e r  (195®) fo u n d , i n  norm al r a t s  t r e a t e d  w ith  
c o r t i c o s t e r o n e ,  e le v a te d  c i r c u l a t i n g  re d  c e l l  volume p lu s  a  s i g n i f i c a n t  
e l e v a t io n  i n  e r th r o c y ^ e ,  h e m a to c r i t  and  hem oglobin  v a lu e s .  T h is  f in d in g  
may w e l l  be r e l a t e d  to  d e c re a se d  p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  from  
l i n o l e i c  a c id  i n  t h e  p re se n c e  o f  th e  horm one, th e re b y  c o n s e rv in g  e s s e n t i a l  
f a t t y  a c id  f o r  n e c e s s a ry  body s y n th e s e s  and f u n c t io n s .  The s t r u c t u r a l  
r o le  o f  f a t t y  a c id s  i n  th e  m orphology' o f  c e l ]  membranes h a s  been  w e l l  
docum ented s in c e  th e  **>rk o f  B urr and B u rr (1930) and B u rr (1 9 4 2 ) . 
M acM illan and S i n c l a i r  (1958) found  t h a t  la c k  o f  e s s e n t i a l  f a t t y  a c id s  
p roduced  in c r e a s e d  s k in  p e r m e a b i l i ty  in  m ice and in c r e a s e d  e r y th r o c y te
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f r a g i l i t y  i n  th e  r a t .  i t  a p p ea re d  t h a t  d e c re a se d  a u to x id a t io n  o f  
l i n o l e i c  a c id  in  th e  p re se n c e  o f  c o r t i s o n e  m irh t  be im p o r ta n t in  m ain­
t a i n i n g  e s s e n t i a l  f a t t y  a c id s  f o r  s t r u c t u r a l  s y n th e s i s  o f  c e l l u l a r  mem­
b r a n e s .  S tu d ie s  o f  c e l l u l a r  membranes have r e v e a le d  t h a t  th e  p r o p e r t i e s  
o f  c e l l  membranes w hich  e n a b le d  them t o  r e g u l a t e  th e  e n t r y  and  e x i t  o f  
e s s e n t i a l  p ro d u c ts  was o f  prim e im p o rtan ce  b ec a u se  m a in ten an ce  o f  l i f e  
depended  upon such  e x c h a n g e s . A cross c e l l u l a r  m em branes, w a te r  and 
m a t e r i a l  d i s s o lv e d  i n  w a te r  w ere ex ch an g ed , a s  fo o d  and oxygen e n te r e d  
and w a s te s  d e p a r te d .  I t  can  be seen  t h a t  any d i s tu r b a n c e  i n  the norm al 
c e l l u l a r  membrane w hich i n  tu r n  co u ld  a f f e c t  i t s  p e r e m a b i l i ty  p r o p e r t i e s  
c o u ld  r e s u l t  i n  d r a s t i c  ch an g es  to  o v e r a l l  c e l l u l a r  f u n c t io n .
The a p p a re n t  s i g n i f i c a n t  in c r e a s e  in  o x id a t iv e  p ro d u c ta  p roduced  
by th e  a u to x id a t io n  o f  l i n o l e i c  a c id  i n  th e  o re se n c e  o f  c o r t i s o n e  w ith  
a s c o r b ic  a c id  v i t r o  d id  n o t seem to  a p p ly  to  th e  b i o l o g i c a l  e f f e c t s  
o b se rv e d  i n  v iv o . I t  a p p e a re d  t h a t  th e  b i o l o g i c a l  e f f e c t  p ro d u ced  by 
th e  p re se n c e  o f  c o r t i s o n e  and a s c o rb ic  a c id  was due to  a  m e ta b o lic  
i n t e r r e l a t i o n s h i p  betw een  th e  tw o compounds r a t h e r  th a n  to  th e  a c c e l ­
e r a t e d  p ro d u c tio n  o f  p o s s ib ly  d e l e t e r i o u s  o x id a t iv e  p ro d u c ts  from  
a u to x id iz e d  l i n o l e i c  a c id .  T h is  r o le  f o r  a s c o rb ic  a c id  and c o r t i s o n e  
was s u g g e s te d  in  th e  r e s u l t s  o f  Hughes e£  &1» (1952) who co n c lu d e d  from, 
t h e i r  s tu d i e s  o f  th e  e f f e c t  o f  d e s o x y c o r t is o n e ,  ACTH, and c o r t i s o n e  on 
th e  dev elo p m en t o f  a r t h r i t i c  l e s io n s  i n  fem ale  g u in e a  p ig s  on a  v i ta m in  
C d e f i c i e n t  d i e t  t h a t  a s c o rb ic  a c id  p la y e d  a  c a t a l y t i c  r o le  i n  th e  
p ro d u c tio n  o f  Ho x y - ty p e "  a d r e n o c o r t i c a l  horm ones. B acchus e t  a i .  (1952) 
b e l ie v e d  t h a t  th e  f u n c t io n  o f  a s c o r b ic  a c id  was r e l a t e d  t o  th e  b re a k ­
down o f  c o r t i c a l  horm ones, i» e «  r e s u l t e d  i n  d im in ish e d  d e g r a d a t iv e  
ch an g es in  c o r t i c a l  horm ones and th e re b y  red u ced  1 7 - k e to s te r o id  e x c r e t io n .
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B acchus (1 9 5 7 a ) , i n  h i s  s tu d y  w ith  m i ld ly  a s c o r b ic  a c id  d e f i c i e n t  g u in e a  
p ig s ,  found  t h a t  i j j  v i t r o  a d re n a l  p r e p a r a t io n s  to  w hich  a s c o rb ic  a c id  
was a d d e d , r e s u l t e d  i n  th e  r e s t o r a t i o n  o f  th e  a b i l i t y  to  b e ta  h y d ro x y - 
l a t e  1 1 - d e o x y c o r t i s o l  to  c o r t i s o l  a t  a  norm al r a t e .  In  c o n t r a s t ,  
s e v e re ly  s c o r  b u t i c  g u in e a  p ig s  d id  n o t r e c o v e r  t h i s  a b i l i t y  upon th e  
a d d i t i o n  o f  a s c o rb ic  a c id .  Bacchus (1957b) u s in g  th e  same a d r e n a l  p r e ­
p a r a t i o n ,  r e p o r te d  a  p ro g re s s iv e  d e c re a s e  in  th e  a b i l i t y  to  o x id iz e  
d e l t a - 3 - b e t a - o l  s t e r o i d  compounds to  d e l t a - 3 - k e to n e s  w ith  p r o g re s s iv e  
a s c o r b ic  a c id  d e f i c i e n c y ,  and  in  v i t r o  a d d i t io n  o f  a s c o rb ic  a c id  
c o r r e c te d  t h i s  m e ta b o lic  d e f e c t .  U d en frien d  e t  a l .  (1954) and B rod ie  
e t  a l .  (1954) r e p o r te d  a  new f u n c t io n  f o r  a s c o rb ic  a c id ,  They found  
t h a t  by in c u b a t in g  a ro m a tic  compounds a e r o b i c a l l y  w ith  a s c o rb ic  a c id  
and i r o n  a t  pH 6 .7  and 37° C, p h e n o lic  g roups w ere form ed n o n -e n z y m a ti-  
c a l l y .  The a u th o r s  s u rg e s te d  t h a t  th e  r e a c t io n  r e s u l t e d  th ro u g h  a 
c a t a l y t i c  e f f e c t  o f  an in te rm e d ia ry  compound p roduced  by th e  r e a c t io n  
o f  a s c r o b ic  a c id  w ith  new ly form ed hydrogen  p e ro x id e . T h is  r e a c t io n  
was p erfo rm ed  i n  v i t r o . b u t may be s im u la te d  ^ 1  v iv o  a s  th e  m ild  c o n d i­
t i o n s  u n d e r  w hich  i t  to o k  p la c e  w ere s im i la r  to  th o s e  found  in  l a b o r a to r y  
a n im a ls .  D a lg l ie s h  (1955) su g g e s te d  t h a t  a  f r e e  r a d i c a l ,  raonohydro- 
a s c o r b ic  a c id  m igh t be th e  a t t a c k in g  r e a g e n t  o f  U d en frien d  e t  a l .  (1 9 5 4 ), 
a l th o u g h  a m e ta l  c h e la te d  w ith  a s c o r b ic  a c id  c o u ld  n o t be e l im in a te d  a s  
a  p o s s ib le  r e a g e n t .  A xelrod  e t  £ l .  (1954) t e s t e d  U d e n f r ie n d 's  and 
B ro d ie * s  system  j j j  v iv o  and found  a  d e c re a s e  in  h y d ro x y l g ro u p s  i n t r o ­
duced  in to  a ro m a tic  compounds w hich w ere f o r e ig n  to  th e  body o f  s c o r b u t ic  
g u in e a  p ig s ,  b u t  co u ld  be r e s to r e d  by th e  a d m in is t r a t io n  o f  a s c o r b ic  a c id .  
K esto n  and G a r s e o t is  (1954) a ls o  s u c c e s s f u l ly  a p p l ie d  th e  te c h n iq u e  o f  
U d en frien d  e t  a ^ .  (1954) do h y d ro x y la tio n  o f  s t e r o i d s  u s in g  t h r e e  d i f f e r e n t
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compounds a s  s u b s t r a t e s ,  b u t th e  n a tu re  o f  th e  r e a c t io n  p ro d u c ts  has 
no t y e t  been  e s ta b l is h e d *
Hormones E x h ib i t in g  In c r e a se d  P er o x id e  F orm ation  V i t r o .
The horm ones, p ro g e s te ro n e , c o r t i c o t r o p in  (ACTH) and i n s u l i n ,  a re  
grouped to g e th e r  a s  th e  r e s u l t s  in d ic a te d  th a t  in c u b a tio n  o f  any one o f  
th e s e  th r e e  hormones w ith  l i n o l e i c  a c id  in  th e  p re se n c e  o r  ab sen ce  o f  
a s c o rb ic  a c id  r e s u l t e d  in  an in c re a s e d  a u to x id a t io n  a s  m easured b y  i n ­
c re a se d  p e ro x id e  v a lu e s .
The r e s u l t s  o f  th e  ex p erim en t w ith  p ro g e s te ro n e  in d ic a te d  t h a t  
i t  a c c e le r a te d  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  v i t r o  u n d e r  th e  
e x p e r im e n ta l c o n d i t io n s  re p o r te d  in  th e  absence o r  p re sen ce  o f  a s c o rb ic  
a c id .  As w ith  e s tr o g e n ic  s u b s ta n c e , i t  may t>e p o s s ib le  to  c o r r e l a t e  
t h i s  in c re a s e d  p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  in  th e  p re sen ce  o f  
p ro g e s te ro n e  w ith  th e  ro le  o f  e s s e n t i a l  f a t t y  a c id s  in  m etab o lism .
B ullough (195s ) t e s t e d  p ro g e s te ro n e  on th e  m i to t ic  a c t i v i t y  o f  
mouse e a r  e p id e rm is  i n  v i t r o  and found t h a t  i t  was g e n e ra l ly  i n e r t  o r  
s l i g h t l y  i n h i b i t o r y .  As reaso n ed  in  th e  ca se  o f e s t r o g e n ic  s u b s ta n c e , 
i f  a u to x id a t io n  a s  m easured by p e ro x id e  v a lu e  was in o re a a e d  in  th e  
p re sen ce  o f  p ro g e s te ro n e  w ith  accu m u la tio n  o f o x id a t iv e  p ro d u c ts  which 
can i n h i b i t  m i to t i c  a c t i v i t y ,  t h i s  r e s u l t  co u ld  be ex p ec ted  a s  i n ­
c r e a s in g  am ounts o f  l i n o l e i c  a c id ,  an e s s e n t i a l  f a t t y  a c id ,  were con­
v e r te d  to  o x id a t iv e  p ro d u c ts  i n  th e  p re sen ce  o f  p ro g e s te ro n e . P r i e s t  
e t  a l . (1957) found t h a t  p ro g e s te ro n e , in  c o n t r a s t  to  e s tro g e n ic  
m a te r ia l  had l i t t l e  e f f e c t  on serum l i p i d s .  Brunanel e t  a l . (1954) 
s tu d ie d  th e  oxygen consum ption o f  a d r e n a l  c o r te x  s l i c e s  jLQ v i t r o  in  th e  
p re se n c e  o f  p ro g e s te ro n e  and found t h a t  p ro g e s te ro n e  was in a c t iv e  a s  f a r  
a s  a f f e c t i n g  th e  r a t e  o f  oxygen consum ption . S c h u le r  and M eier (1956)
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s tu d ie d  th e  i g  v i t r o  o x id a t io n  o f  l i n o l e i c  a c id  i n  th f  p re se n c e  o f  
p ro g e s te ro n e  by oxygen consum ption  and found  i n  c o n t r a s t  to  i n h i b i ­
t i o n  o f  sp o n tan eo u s  o x id a t io n  i n  th e  p re se n c e  o f  e s t r o g e n ic  s t e r o i d s ,  
no e f f e c t  on  oxygen co n su m p tio n . T h e re fo re ,  i t  a p p e a re d  t h a t  in c r e a s e d  
l e v e l s  o f  o x id a t iv e  p ro d u c ts  produced  v i t r o  was in  no way r e l a t e d  to  
th e  b i o l o g i c a l  a c t i v i t y  o f  p ro g e s te r o n e .  However, Burrow s (1949) found  
t h a t  p ro g e s te ro n e  s t im u la te d  th e  grow th o f  th e  u te r u s  and p la c e n ta  o f  
v a r io u s  m a a e a ls .  However, t h i s  g row th  seemed to  o c c u r  o n ly  i n  th e  
p re se n c e  o f  e s te o g e n ic  horm ones, th e r e f o r e  th e  s p e c i f i c  r o le  o f  p ro g e s ­
te r o n e  i n  m e tab o lism  has  s t i l l  n o t  c l e a r l y  been  e s t a b l i s h e d .
The r e s u l t s  o f  th e  ex p e rim e n t w ith  c o r t i c o t r o p i n  ACTH in d ic a te d  
t h a t  i t  a c c e le r a t e d  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  i j j  v i t r o  u n d e r  
th e  e x p e r im e n ta l  c o n d i t io n s  r e p o r te d  i n  th e  a b sen ce  o r  p re se n c e  o f  
a s c o rb ic  a c id .  A p o s s ib le  i n d i r e c t  r e l a t i o n s h i p  betw een th e  in c r e a s e d  
p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  in  th e  p re se n c e  o f  ACTH and th e  a s s o ­
c i a t e d  r o le  o f  e s s e n t i a l  f a t t y  a c id s  i n  s t r u c t u r a l  membrane p e r m e a b i l i ty  
may be p o s tu l a t e d .
One o f  th e  g r e a t e s t  p rob lem s i n  e x p e r im e n tin g  w ith  a  p r o te in  
hormone such  a s  ACTH h as  been  co n ce rn ed  w ith  i t s  s t a t e  o f  p u r i t y .  T h is  
f a c t  a lo n e  co u ld  a c c o u n t f o r  th e  many d iv e r s e  and even c o n t r a d ic to r y  
r e s u l t s  o b ta in e d  w ith  ACTH i n  d i f f e r e n t  l a b o r a t o r i e s .  Many l a b o r a t o r i e s  
p re p a re d  and i s o l a t e d  t h e i r  own ACTH w hich  d i f f e r e d  a s  v a r io u s  p e p t id e  
f r a c t i o n s  have been  r e p o r te d  to  r e s u l t  i n  v a ry in g  d e g re e s  o f  a c t i v i t y .  
Com m ercial p r e p a r a t io n s  may n o t be a s  a c t i v e  a s  p e p t id e  f r a c t i o n s  ob­
t a in e d  i n  some l a b o r a t o r i e s ,  b u t th e  r e l a t i v e  p u r i t y  and a c t i v i t y  can  
be c o n s id e re d  to  be s ta n d a r iz e d  and d u p l ic a te d  b ecau se  o f  th e  s ta n d a rd  
p ro c e d u re s  o f  i s o l a t i o n s  and p u r i f i c a t i o n  u s e d .
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The r e s u l t s  o f  t h i s  ex p e rim en t w ere i n  ag reem en t w ith  th o s e  o f  
Bernheim  and Z&uder (1 9 5 0 ), who d e m o n stra te d  t h a t  p r i o r  t r e a tm e n t  o f  
r a t s  w ith  ACTH in c r e a s e d  th e  c o lo r  v a lu e  o b ta in e d  when TBA was added 
to  TCA f i l t r a t e s  o r  a e r o b ic a l ly  in c u b a te d  b r a in  hom ogenates, which 
s u g g e s te d  in c r e a s e d  l i n o l e i c  a c id  o x id a t io n .
S tone  and  H ech to r ( 1 9 5 0  p re fu s e d  la b e le d  p r e c u r s o r s  o f
c o r t i c o s t e r o d i a  in  th e  p re se n c e  and ab sen ce  o f  ACTH and d e m o n s tra te d  
t h a t  ACTH in c r e a s e d  th e  r a t e  o f  c h o l e s t e r o l  t r a n s f o r m a t io n  to  h y d ro ­
c o r t i s o n e  and c o r t i c o s t e r o n e .  I t  was w ith o u t s i g i i f i c a n t  in f lu e n c e  on 
th e  r e a c t i o n s  in v o lv e d  i n  t h e  t r a n s f o rm a t io n  o f  p ro g e s te ro n e  to  h y d ro ­
c o r t i s o n e  o r  o o r t i c o s t e r o n e .  The a u th o r s  su g g e s te d  t h a t  ACTH a c t io n  
was m ost p ro b a b ly  in v o lv e d  in  a  s in g le  r e a c t io n  co n cern ed  w ith  th e  
d e g ra d a t io n  o f  th e  s id e  c h a in  o f  c h o l e s t e r o l  ( C ^ )  to  form  a  C2 I  
s t e r o i d  r e l a t e d  to  p re g n e n o lo n e . Saba e t  a l .  (1954) found  t h a t  upon 
f r a c t i o n a t i o n  o f  r a t  a d r e n a l  h o m o g en ates , th e  c h o l e s t e r o l  d e g ra d a t io n  
a c t i v i t y  was a s s o c ia te d  e x c lu s iv e ly  w ith  th e  m ito c h o n d r ia l  f r a c t i o n .
The n u c le a r  and m icrosom al f r a c t i o n s  and  s u p e rn a te n ts  w ere c o m p le te ly  
w ith o u t a c t i v i t y .  The a u th o r s  s u g g e s te d  t h a t  ACTH a c t io n  m ig h t be 
in v o lv e d  i n  t h e  t r a n s p o r t  o f  c h o l e s t e r o l  from  one s i t e  i n  t h e  c e l l  t o  
th e  m ito c h o n d r ia ,  th e  a p p a re n t  s i t e  o f  c o r t i c o i d  s y n th e s i s  i n  th e  a d re n a l  
g la n d . However, th e  a u th o r s  a l s o  su g g e s te d  th e  p o s s i b i l i t y  t h a t  th e  
in f lu e n c e  o f  ACTH upon c o r t io o i d  s y n th e s is  may be co n cern ed  w ith  in ­
c r e a s in g  th e  t r a n s f e r  o f  c h o l e s t e r o l  th ro u g h  th e  m ito c h o n d r ia l  membrane 
to  make i t  a v a i l a b l e  f o r  en zy m atic  s y n th e s i s  in s id e  t h i s  o r g a n e l l e .  
T h e re fo re  t h e  p o s s i b i l i t y  e x i s t s  t h a t  ACTH amy, be a c c e l e r a t i n g  th e  
p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  from  e s s e n t i a l  f a t t y  a c i d s ,  e x e r t  an
85
e l  f e e t  on  th e  p e r m e a b i l i ty  o f  t h e  membrane a s  n o te d  by H acM illan  and 
S i n c l a i r  (1958) in f lu e n c e d  by th e  la c k  o f  e s s e n t i a l  f a t t y  a c i d s .
The p o s s ib le  r o le  o f  ACTH on th e  a u to x id a t io n  o f  e s e e n t i a l  
f a t t y  a c id s  and i t s  r e l a t i o n s h i p  to  membrane p e r m e a b i l i ty  and  r o t a b o l i c  
r e a c t io n s  was su g g e s te d  by th e  work o f  E ngel e£, (1957# 1958a,
1 9 5 8 b ). E h g e l e t  a l .  (1957) d e m o n s tra te d  t h a t  ACTH p o sse s se d  k e to g e n ic  
a c t i v i t y  even  in  th e  ab sen ce  o f  th e  a d r e n a l  c o r te x ,  and t h e r e f o r e  was 
c o n s id e re d  to  p o s s e s s  e x t r a - a d r e n a l  a c t i o n .  The a u th o r s  (1958a) a ls o  
d e m o n s tra te d  t h a t  o x y c e l ACTH a c t io n  ap p eared  fu n d a m e n ta l to  k e to n e  
p ro d u c tio n  o r  u t i l i s a t i o n  r a t h e r  th a n  r e f l e c t i n g  a  p rim ary  change in  
c a rb o h y d ra te  m e ta b o lism . T h e ir  d a ta  (1958b) su p p o rte d  s t r o n g ly  th e  
th e o ry  t h a t  k e to g e n ic  and a d ip o k in e t ic  a c t i v i t y  i s  an i n t r i n s i c  p ro p e r ty  
o f  o x y c e l ACTH, a t  l e a s t  in  i t s  p e p t id e  fo rm . They s u g g e s te d  t h a t  ACTH 
was s e c r e te d  a s  a p r o te in  and " f ix e d "  to  th e  a d r e n a l  g lan d  which i n  
t u r n  p o s se s se d  a  m echanism  f o r  c o n v e r t in g  th e  p r o te in  in to  a  m e ta i-o li-  
c a i l y  a c t i v e  p e p t id e  in  th e  g la n d . The s e l e c t i v e  " f ix in g "  o f  th e  ACTH 
may n o t be s o le ly  a  f u n c t io n  o f  th e  a d r e n a l  g la n d , b u t o th e r  e n d o c r in e  
g la n d s  a l s o  may " f ix "  ACTH w hich co u ld  acco u n t f o r  th e  e x t r a —a d r e n a l  
m e ta b o lic  r e a c t io n s  t o  ACTH in  o th e r  t i s s u e s .  However, th e  a u th o r s  
s u g g e s te d  t h a t  r e a c t i o n s  i n i t i a t e d  by th e  p u r i f i e d  o x y c e l ACTH may n o t 
be  t h e  same a s  th o s e  i n i t i a t e d  by  th e  n a t u r a l l y  s e c r e te d  horm one. T h is  
rem ained  to  be e s t a b l i s h e d .  Rudman and Seidman (1958) found t h a t  
p i t u i t a r y  e x t r a c t  from  men, hog , sh eep  and c a t t l e  p roduced  lip e m ia  in  
r a b b i t s .  The a u th o r s  su g g e s te d  t h a t  th e  r e l a t i o n s h i p  o f  th e  l ip e m ia
e f f e c t  to  in c r e a s e  in  l i v e r  f a t  c o n te n t ,  and in c r e a s e  i n  p ro d u c tio n  o f
k e to n e  b o d ie s  fo llo w in g  p i t u i t a r y  p r e p a r a t io n  i n j e c t i o n ,  c o u ld  be
a t r r i b u t e d  to  r e l e a s e  o f  s to r e d  f a t  from  th e  f a t  d e p o ts .  S ch o tz  e£, a l .
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(1959) c lam o n stra ted  t h a t  a d d i t i o n  o f  ACTH to  in c u b a t in g  e p id id y m a l 
f a t  b o d ie s  r e s u l t e d  i n  a  h ig h ly  s i g n i f i c a n t  i n c r e a s e  in  non e s t e r i f i e d  
f a t t y  a c id  r e l e a s e d  from  th e  t i s s u e  o f  norm al r a t s .  The a u th o r s  sug­
g e s te d  t h a t  ACTH had a n  in d e p e n d e n t l i p o l y t i c  e f f e c t  on a d ip o se  t i s s u e  
and a  p h y s io lo g ic a l  r o l e  i n  th e  r e g u la t io n  o f  f a t t y  a c id  m etab o lism  
n o t  m e d ia te d  by a d r e n a l  c o r t i c a l  t i s s u e .  T h e re fo re  a s  p r e v io u s ly  sug­
g e s te d ,  th e  in c r e a s e d  p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  a s  m easured  i n  
th e  r e p o r te d  e x p e r im e n ts  i n  th e  p re se n c e  o f  ACTH may p la y  a  r o l e  i n  
membrane p e rm e a b i l i ty  ch an g es and th e r e f o r e  e f f e c t  i n t r a c e l l u l a r  
m e ta b o lic  r e a c t io n s  (M acM illan and S i n c l a i r ,  1 9 5 8 ).
The r o l e  o f  a s o o rb ic  a c id  in  th e  p re se n c e  o f  ACTH i n  v iv o  ap­
p a r e n t ly  was d ep en d en t upon th e  ch em ica l i n t e r a c t i o n  betw een  th e  two 
com pounds, a l th o u g h  p e r m e a b i l i ty  a l t e r a t i o n s  o f  c e l l u l a r  membranes i n  
th e  p re se n c e  o f  in c r e a s e d  am ounts o f  o x id a t iv e  p ro d u c ts  d u r in g  a u to x id a ­
t i o n  and th e  r e s u l t i n g  lo s s  o f  e s s e n t i a l  f a t t y  a c id  can  n o t be o v e r ­
lo o k e d . H ere a g a in  th e  r e l a t i v e  p u r i t y  o f  ACTH a s  p r e v io u s ly  m en tio n ed  
can  p la y  an  im p o r ta n t r o le  i n  th e  i n t e r a c t i o n  o f  a s c o r b ic  a c i d ,  ACTH 
and o th e r  compounds and in  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s .  E nge l 
e t  a l . (1958b) r e p o r te d  t h a t  t r e a tm e n t  o f  ACTH (p e p t id e  fo rm ) w ith  
hydrogen p e ro x id e  r e s u l t e d  i n  co m p le te  lo ;,s  o f  k e to p e n ie  a c t i v i t y .  When 
th e  i n a c t i v a t e d  hormone was in c u b a te d  w ith  c y s t e in e ,  th e  k e to g e n ic  a c t i v ­
i t y  w as r e s t o r e d .  The p o s s i b i l i t y  e x i s t e d  i n  th e  ex p e rim en t w ith  ACTH 
r e p o r te d  h e re  i n  th e  p re se n c e  o f  a s c o r b ic  a c i d ,  t h a t  th e  in c r e a s e d  p ro ­
d u c t io n  o f  o x id a t iv e  p ro d u c ts  from  l i n o l e i c  a c id  i n i t i a l l y  may have 
i n a c t i v a t e d  th e  hormone and  r e s u l t e d  i n  th e  d e c re a se d  p e ro x id e  v a lu e  
m easured  a t  f o u r  h o u r s .
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The r e s u l t s  o f  th e  e x p e rim e n t w ith  i n s u l i n  in d ic a te d  t h a t  i t  
a c c e l e r a t e d  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  v i t r o  i n  th e  p re se n c e  
o r  ab sen ce  o f  a s c o r b ic  a c i d .  The a c c e l e r a t i n g  a c t io n  o f  i n s u l i n  in  
th e  p re se n c e  o f  a s c o rb ic  a c id  was s t r i k i n g .  A p o s s ib le  i n d i r e c t  r e ­
l a t i o n s h i p  betw een  th e  in c r e a s e d  p ro d u c tio n  o f  o x id a t iv e  p ro d u c ts  in  
th e  p re se n c e  o f  i n s u l i n  and th e  a s s o c ia te d  r o le  o f  e s s e n t i a l  f a t t y  
a c id s  in  s t r u c t u r a l  membrane p e rm e a b i l i ty  may be p o s tu la te d .
L evine and G o ld s te in  (1955) s tu d ie d  in s u l i n  e f f e c t s  on th e  e n t r y  
o f  s u g a r  in to  t i s s u e  c e l l s  o f  e v is c e ra te d -n e p h re c to m iz e d  r a t s  and  sug­
g e s te d  t h a t  i n s u l i n  a f f e c t e d  a t r a n s f e r  mechanism  w hich m ight in v o lv e  
th e  p h y s ic a l  p roblem  o f  c e l l  p e r m e a b i l i ty  to  s u g a r s .  G ince th e  i n i t i a l  
p u b l i c a t io n  o f  th e s e  o b s e r v a t io n s ,  th e r e  have been num erous o th e r  In  
v iv o  and i j j  v i t r o  e x p e r im e n ts  w hich co n firm ed  th e  th e o r y  t h a t  i n s u l i n  
i s  co n cern ed  w ith  a c c e l e r a t i n g  a  t r a n s f e r  m echanism , f a c i l i t a t i n g  th e  
p a s sa g e  a c r o s s  c y t o s t r u c t u r a l  b a r r i e r s  (Wick and D ru ry , 1953» H aft 
e t  a l .  1953# and R o ss, 1953)* However, th e  p o s s i b i l i t y  o f  in v o lv em en t 
o f  i n s u l i n  in  an enzyme mechanism o r  ch em ica l r e a c t io n  can  n o t be 
n e g le c te d .  Gordan and C herkes (1958) d e m o n s tra te d  t h a t  i n s u l i n  t r e a t e d  
r a t  a d ip o se  t i s s u e  produced  a  s i g n i f i c a n t  d e c re a s e  in  u n e s t e r i f i e d  
f a t t y  a c id  o u tp u t ,  and s u g g e s te d  t h a t  i n s u l i n  o p e ra te d  in  th e  i n t a c t  
o rg a n ism  by a f f e c t i n g  th e  a d ip o se  t i s s u e  d i r e c t l y  r a t h e r  th a n  th ro u g h  
th e  m e d ia tio n  o f  some o th e r  p h y s io lo g ic a l  sy s tem . W addell and G eyer 
(1957) d e m o n s tra te d  t h a t  in fu s e d  e m u ls i f ie d  f a t  i n  a  d e p a n c re a t iz e d  
dog was c le a r e d  from  th e  b ld o d  a t  a  norm al r a t e  i f  th e  dog r e c e iv e d  
i n s u l i n .  The a u th o r s  su g g e s te d  t h a t  c le a r a n c e  o f  f a t  from  b lo o d  was 
d ep en d en t upon no rm al c a rb o h y d ra te  u t i l i z a t i o n  a s  th e  l i v e r  membrane 
p e r m e a b i l i ty  was a f f e c t e d  by abnorm al c a rb o h y d ra te  m e tab o lism  a s  a
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r e s u l t  o f  d e c re a s e d  en erg y  p ro d u c tio n  w hich c o u ld  e f f e c t  th e  membrane 
p o t e n t i a l  d i r e c t l y .  H a u s b e rg e r 's  (1958) r e s u l t s  d e m o n s tra te d  t h a t  
i n s u l i n  p roduced  a  marked a c c e l e r a t i o n  o f  l ip o g e n e s i s  from  r a d io a c t iv e  
g lu c o se  by r a t  l i v e r  and a d ip o s e  t i s s u e  i f l  lo c o ,  u th e r  f in d in g s  a ls o  
s u g g e s te d  a d i r e c t  e f f e c t  o f  i n s u l i n  on f a t  c e l l s :  K rah l (1951) n o te d  
a c c e le r a t e d  u p ta k e  o f  g lu c o se  u n d er s im i l a r  c o n d i t io n s ;  fteno ld  e t  a l . 
(1950) found in c r e a s e d  f a t  d e p o s i t io n  a t  th e  3 i t e  o f  i n s u l i n  i n j e c t i o n s ;  
and Sidman (1956) n o te d  enhanced  g ly co g en  and f a t  fo rm a tio n  a f t e r  th e  
a d d i t io n  o f  i n s u l i n  to  r a t  a d ip o se  t i s s u e  c u l t u r e s .
I t  can be su g g e s te d  t h a t  i n s u l i n  a c c e l r a t e d  th e  p ro d u c tio n  o f  
o x id a t iv e  p ro d u c ts  from  a u to x id iz e d  l i n o l e i c  a c id ,  th e re b y  a f f e c t i n g  
th e  r o l e  o f  th e  e s s e n t i a l  f a t t y  a c id s  p re s e n t  and  m ip h t have r e s u l t e d  
in  th e  p ro d u c tio n  o f  a l t e r a t i o n s  in  th e  norm al p e r m e a b i l i ty  o f  c e l l u l a r  
m em branes.
The r e s u l t s  o b ta in e d  w ith  i n s u l i n  th e  p re se n c e  o f  a s c o r b ic  a c id  
and th e  oxygen consum ption  w ere in  a c c o rd  w ith  p o s tu la te d  r e a s o n s  p re ­
v io u s ly  p re se n te d *
The f in d in g  o f  d e c re a se d  am ounts o f  a s c o r b ic  a c id  p r e s e n t  a t  th e  
end o f  fo u r  h o u rs  p a r a l l e l e d  t h e  f in d in g s  o f  Nath and Behki (1 9 5 7 ).
The a u th o r s  found  t h a t  m ale r a t s  i n j e c t e d  w ith  a c e to a c e ta t e  e x c r e te  
more d e h y d ro a sc o rb ic  a c id  and l e s s  a s c o r b ic  a c id  th a n  c o n t r o l  a n im a ls .
At th e  same tim e  l i v e r  , k id n e y , s p le e n  and a d re n a l  t i s s u e  showed i n ­
c re a s e d  am ounts o f  d e h y d ro a sc o rb ic  a c id  and d e c re a s e d  q u a n t i t i e s  o f  
a s c o rb ic  a c i d .  A c e to a c e ta te ,  t h e r e f o r e ,  cau sed  th e  o x id a t io n  o f  a s c o rb ic  
a c id  to  d e h y d ro a sc o rb ic  a c id  i n  v iv o .
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I t  a p p e a rs  t h a t  any f u r t h e r  c l a r i f i c a t i o n  o f  horm onal a c t io n  
r e q u i r e s  a  g r e a t  d e a l  -nore i n v e s t i g a t i o n  on such  c e l l u l a r  p h y s io lo g ic a l  
p ro b lem s a s :  th e  n a tu r e  o f  c e l l u l a r  m em branes; th e  t r a n s f e r  m echanism s 
in v o lv e d  i n  th e  t r a n s p o r t  o f  m e ta b o l i te s  th ro u g h  c y t o s t r u c t u r a l  
b a r r i e r s ;  th e  r o le  o f  io n s  in  p e r m e a b i l i ty ;  th e  p u r i ty  and a c t i v i t y  o f  
horm ones i s o l a t e d  a s  com pared to  th e  n a t u r a l  p ro d u c t and  f i n a l l y  th e  
b io c h e m is try  o f  th e  c e l l  i t s e l f  w ith  m u tu a l i n t e r a c t i o n s  o f  v a r io u s  
o r g a n e l l e s ,  enzym es and s u b s t r a t e s  w hich a r e  in v o lv e d  in  p ro d u c in g  a  
r e s p o n s e .
SUMMARY
1 .  I n s u l in  in c u b a te d  f o r  fo u r  h o u rs  in  v i t r o  a t  37 - 1° C in  p h o sp h a te  
b u f f e r  a t  pH 6 i n  th e  p re se n c e  o r  a b se n c e  o f  a s c o rb ic  a c id  i n ­
c re a s e d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  a s  m easured  
by  in c r e a s e d  h y d ro p e ro x id e  fo rm a t io n .  P o s s ib le  c o r r e l a t i o n s  w ith  
i n  v iv o  m echanism s a re  d is c u s s e d .
2 . A d re n o c o r t ic o tro p in  ACTH in c u b a te d  f o r  f o u r  h o u rs  i j j  v i t r o  a t
37 -  1° C i n  p h o sp h a te  b u f f e r  pH 6 in  th e  p re se n c e  o r  ab sen ce  o f  
a s o o rb ic  a c id  in c re a s e d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  
a c id  a s  m easured  by in c r e a s e d  hydroporoxid '*  fo rm a tio n .  P o s s ib le  
c o r r e l a t i o n s  w ith  in  v iv o  m echanism s a re  d i s c u s s e d .
3 .  P ro g e s te ro n e  in c u b a te d  f o r  f o u r  h o u rs  i n  v i t r o  a t  37 ± 1° C in  
p h o sp h a te  b u f f e r  pH 6 i n  th e  p re se n c e  o r  a b se n c e  o f  a s c o rb ic  a c id  
in c r e a s e d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  a s  
m easured  by in c r e a s e d  h y d ro p e ro x id e  fo rm a tio n . P o s s ib le  c o r r e l a ­
t i o n s  w ith  i n  v iv o  m echanism s a r e  d is c u s s e d .
C o r tiso n e  in c u b a te d  f o r  fo u r  h o u rs  ir j  v i t r o  a t  37 ± 1° 0 i n  phos­
p h a te  b u f f e r  pH 6 i n  th e  ab sen ce  o f  a s c o rb ic  a c id  d e c re a se d  s ig n i ­
f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  a s  m easured  by d e c re a s e d  
h y d ro p e ro x id e  fo rm a tio n .  In  c o n t r a s t ,  i n  th e  p re se n c e  o f  a s c o r b ic  
a c id  c o r t i s o n e  in c r e a s e d  s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  
a c i d .  P o s s ib le  c o r r e l a t i o n s  w ith  v iv o  m echanism s a re  d is c u s s e d .
5 . E s tro g e n ic  s u b s ta n c e  in c u b a te d  f o r  fo u r  h o u rs  v i t r o  a t  37 1 1° C 
i n  p h o sp h a te  b u f f e r  pH 6 in  th e  ab sen ce  o f  a s c o r b ic  a c id  d e c re a s e d
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s i g n i f i c a n t l y  th e  a u to x id a t io n  o f  l i n o l e i c  a c id  a s  m easu red  by d e ­
c re a s e d  h y d ro p e ro x id e  fo rm a t io n .  In  c o n t r a s t ,  i n  th e  p re se n c e  o f  
a s o o rb ic  a c i d ,  e s t r o g e n ic  su b s ta n c e  in c r e a s e d  s i g n i f i c a n t l y  th e  
a u to x id a t io n  o f  l i n o l e i c  a c i d .  P o s s ib le  c o r r e l a t i o n s  w ith  v iv o  
m echanism s a r e  d i s c u s s e d .
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